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Title of Invention: Pigment set, ink set, and recording method 
Abstract: 

Problem to be Solved: To provide a pigment set which makes it possible to obtain im- 
ages with an excellent printing quality, bright hues, high density, light resistance, and 
good indoor discoloration resistance, as well as a good balance of fastness and color 
fading even after long-term storage, as well as an ink set and an Inkjet recording 
method using this ink set. 

Solution: A pigment set, characterized in that it includes a magenta pigment which is a 
water-soluble azo metal chelate compound formed from an azo compoimd, shown by 
general formula (1) below, and a metal element, a yellow pigment, and a cyan pigment 
as the pigment units; an ink set which has ttus pigment set; and a recording method us- 
ing this ink set. 

(1) 

(wherein Xj is a plurality of atoms which form at least one heterocycle with 5-7 mem- 
bers, other than a pyridine ring, X, may have substituents on the heterocycle, and the 
substituents on the heterocycle may be condensed to form a fused ring; and Ar, is a 
naphthyl group which has a substituent). 

Claims: 

(1) A pigment set, characterized in that it includes a magenta pigment which is a water- 
soluble azo metal chelate compound formed from an azo compound, shown by general 
formula (1) below, and a metal dement, a yelow pigment, and a cyan pigment as the 
pigment units; an ink set which has this pigment set; and a recording method using this 
ink set. 



Applicant: 
Agent: 




(1) 



(wherein general formvda (1) is an azo compound with at least one hydrophilic group in 
its molecule; X, is a plurality of atoms which are necessary to form at least one heterocy- 
de with 5-7 members, provided that the heterocycle containing X, is not a pyridine 
ring; Xj may have substituents on the heterocycle; the substituents on the heterocycle 
may be condensed to form a fused ring; the fused heterocycle containing X , may be 
substihited; Ar, is a naphthyl group selected from general formulas (2)-(4) below; Y, is a 
chelating group; are arbitrary substituents which may be the same or different from 
each other; and a is an integer in the range of 0-6): 




(2) 





(2) A pigment set in accordance with Claim (1), characterized in that, in general for- 
mula (1), the heterocycle containing Xj is an imidazole, pyrazole, isooxazole, thiazole, 
thiadiazole, pyridazine, pyrimidine, pyrazine, benzothiazole, benzooxazole, or ben- 
zimidazole ring. 

(3) A pigment set in accordance with either Claim (1) or (2), characterized in that, in 
general formula (1), the heterocycle containing Xj.may have one or more substituents, 
the substituents on the heterocycle being selected independently from optionally substi- 
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tuted alkyl groups, optionally substituted aryl groups, optionally substituted aralkyl 
groups, optionally substituted allyl groups, optionally substituted alkoxy groups, op- 
tionally substituted aryloxy groups, optionally substitiited acyloxy groups, optionally 
substituted alkoxycarbonyl groups, optionally substituted aryloxycarbonyl groups, op- 
tionally substituted carbamoyl groups, optionally substituted aqrl groups, carboxyl, 
hydroxyl, and q^ano groups, optionally substituted aq^lamino groups, ihe nitiro group, 
halogen atoms, phosphono, sulfo, and mercapto groups, optionally substitiited alkyl- 
thio groups, optionally substituted alkylsulfoxy groups, optionally substituted alkylsul- 
fonyl groups, and the tiuocyanate group. 

(4) A pigment set in accordance with any of daims O)-0), characterized in that, in said 
general formulas (2)-(4), Y, is a hydroxyl group, carboxyl group, optionally substitiited 
amino group, sulfo group, carbamoyl group, optionally substitiited alkoxy group, op- 
tionally substitiited alkyltiiio group, optionally substitiited alkylsulfonylamino group, 
or optionally substituted arylsulfonylamino group. 

(5) A pigment set in accordance witii any of Claims (l)-(4), characterized in that, in said 
general formulas (2)-(4), tiie Z, are selected independentiy from optionaUy substitiited 
alkoxy groups, optionally substitiited aryloxy groups, optionally substituted acyloxy 
groups, optionally substituted alkoxycarbonyl groups, optionaUy substituted aryloxy- 
carbonyl groups, carboxyl groups, optionally substituted carbamoyl groups, hydroxyl 
groups, optionally substitiited amino groups, ureide groups, optionally substituted 
acylamino groups, optionally substituted alkylsulfonylamino groups, optionally substi- 
tuted arylsulfonylamino groups, phosphono groups, sulfo groups, and optionally sub- 
stituted sulfamoyl groups. 

(6) A pigment set in accordance with any of Claims (l)-(5), characterized in that, in 
general formula (1), the heterocycle containing X, is shown by general formula (5) be- 
low: ^ 



(wherein the R, is selected from optionally substitiited alkyl groups, optionally substi- 
tuted aryl groups, optionally substitiited aralkyl groups, optionally substitiited alkoxy 
groups, optionally substitiited aryloxy groups, optionally substitiited acyloxy groups, 
optionally substitiited alkoxycarbonyl groups, optionally substituted aryloxycarbonyl 
groups, the carboxyl group, optionally substitiited carbamoyl groups, Hie hydroxyl 
group, optionally substituted acyl groups, the cyano group, optionally substituted 
acylamino groups, the nitiro group, halogen atoms, sulfo or mercapto groups, optionall) 
substitiited alkylthio groups, and thiocyanate groups, which may be the same or differ- 
ent from each other; Hie R, may also form a fused ring with an imidazole ring; c is an 
integer in the range of 0-2; and is a hydrogen atom, optionally substituted aryl 
group, or optionally substituted allyl group). 




(5) 
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(7) A pigment set in accordance with Claim (6), characterized in that general formula 
(5) is general formula {5') shown bdow: 



(wherein R^' is a hydrogen atom or an optionally substituted alkyl group). 

(8) A pigment set in accordance with Qaim (7), characterized in tiiat Ax, is shown by 
general formula (5") shown below: 





» 



(5") 



(wherein R," is a sulfo group or an optionally substituted sulfamoyl group). 

(9) A pigment set in accordance with any of Claims (l)-(5), characterized in that, in 
general formula (1), the heterocycle containing X, is shown by general formula (6) be- 



(wherein the R3 are optionally substituted alkyl groups, optionally substituted aryl 
groups, optionally substituted aralkyl groups, optionally substihated alkoxycarbonyl 
groups, optionally substituted aryloxycarbonyl groups, the carboxyl group, optionally 
substituted carbamoyl groups, or the hydroxyl, cyano, or sulfo groups, which may be 
the same or different from each other; d is an integer in the range of 0-2; and R, is a hy- 
drogen atom, optionally substituted alkyl group, or optionally substituted aryl group). 

(10) A pigment set in accordance with any of Qaims (l)-(5), characterized in that, in 
general formula (1), the heterocyde containing X, is shown by general formula (7) be- 
low: 



low: 




(6) 




(7) 



(wherein the Rg are optionally substituted alkyl groups, optionally substihited aryl 
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groups, optionaUy substituted aralkyl groups, optionally substituted alkoxy groups, op- 
tionaUy substituted aryloxy groups, the carboxyl group, optionally substituted alkoxy- 
carbonyl groups, optionaUy substituted aryloxycarbonyl groups, the carboxyl or hy- 
droxyl group, optionaHy substituted acyl groups, the cyano group, optionally substi- 
hited acylamino groups, the nitre group, halogen atoms, the sulfo group, optionally 
substituted alkylthio groups, or optionally substituted arylthio groups, which may be 
the same or different from each other; the Rj may also form a fused ring with a thiazole 
ring; and e is an integer in the range of 0-2). 

(11) A pigment set in accordance with any of Claims (l)-(5), characterized in that, in 
general formula (1), the heterocyde containing X, is shown by general formula (8) be- 
low: 



(8) 



(wherein R, is a hydrogen atom, an optionally substihited alkyl group, optionaUy sub- 
stituted aryU group, optionally substituted araUcyl group, mercapto group, optionaUy 
substituted alkylthio group, optionaUy substituted aUcylsulfoxy group, or optionaUy 
substituted alkylsulfonyl group). 

(12) A pigment set in accordance with any of Qaims (l)-(ll), characterized in that the 
water-soluble azo metal chelate compound is a water-soluble azo metal chelate com- 
pound formed from a metal atom selected from nickel, copper, or cobalt. 

(13) A pigment set in accordance with any of Claims (1)-(12), characterized in that the 
yeUow pigment includes yellow pigments of at least one azo compound selected from 
the compounds shown in general formulas (9)-(12) below: 



^n=n-^nh-Irvi 

' n 



(9) 



(wherein the R''' are hydrogen atoms, halogen atoms, or arbitrary substituents; the plu- 
raUty of R"" may be the same or different from each other; and n is 1 or 2). 



RY2 



RY2 




N=N-^^N H 



RV2 



RY2 RY2 R^2 /„ (10) 

(wherein the R"^ are hydrogen atoms, halogen atoms, or arbitrary substihients; the plu- 



rality of may be the same or different from each other; and n is 1 or 2). 




(11) 

(wherein the are hydrogen atoms, halogen atoms, or arbitrary substituents, and the 
pltirality of may be the same or different from each oiher). 



RY4 



(12) 

(wherein the R^^ are hydrogen atoms, halogen atoms, or arbitrary substituents, and the 
plurality of R^* may be the same or different from each other). 

(14) A pigment set in accordance with Claim (13), characterized in that at least one of 
the R'"-R''* in general formulas (9)-(12) is any of the following: a halogen atom, carboxyl 
group, sulfo group, phosphono group, sulfamoyl group, optionally substituted sulfonyl 
group, optionally substituted carbonyl group, optionally substituted triazinyl group, 
optionally substituted C,-C, alkyl group, optionally substituted C,-C, alkoxy group, op- 
tionally substituted phenyl group, or optionally substituted amino group. 

(15) A pigment set in accordance with any of Claims (1)-(14), characterized in that the 
cyan pigment includes yellow pigments of at least one cyan pigment selected from flie 
compounds shown in general formulas (13)-(14) below: 




(13) 

(wherein the R*^^ are hydrogen atoms, halogen atoms, or arbitrary substituents; the plu- 
rality of R° may be the same or different from each other; and M is a metal atom) 
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R« (14) 

(wherein the R*^ are hydrogen atoms, halogen atoms, or arbitrary substituents and the'' 
plurality of R° may be the same or different from each other). 

(16) A pigment set in accordance with Claim (15), characterized in that at least one of 
the R" and R'^ in general formulas (13)-(14) is any of the foUowing: a halogen atom, 
carboxyl group, sulfo group, phosphono group, sulfamoyi group, optionally substi- 
tuted sulfonyl group, optionally substituted carbonyl group, optionally substituted tri- 
azinyl group, optionally substituted Cj-C, alkyl group, optionaUy substituted C,-C, 
alkoxy group, optionally substituted phenyl group, or optionally substituted amino 
group. 

(17) A pigment set in accordance with any of Claims (1)-(16), characterized in that at 
least one black pigment is also included as a pigmmt unit. 

(18) A pigment set in accordance with Qaim (17), characterized in that the black pig- 
ment includes at least carbon black. 

(19) A pigment set in accordance with Qaim (17) or (18), characterized in that the black 
pigment includes at least one black pigment which is a compound with at least one hy- 
drophilic group in its molecule, shown by general formulas (15)-(16) below: 

( B-N= N>-C-N= N-D-fSqsH)n 

(wherein B, C, and D are aromatic groups, independait from each other, which may 
have arbihrary substituents; m is an integer in the range of 0-1; n is an integer in the 
range of 0-3; p is an integer in the range of 0-2; q is an integer in the range of 0-4; if a 
plurality of B are present, the B may be ttie same or different from each other; and R" 
and R" are hydrogen atoms or arbitrary substituents, independent from each other) 

0-M-o ,oH)m. 

(wherein B', C, and D' axe aromatic groups, independent from each other, which may 
have arbitrary substituents; m' is an integer in the range of 0-1; n' is an integer in the 
range of 0-3; p' is an integer in ttie range of 0-2; q' is an integer in the range of Q-4; if a 
plurality of B' are present, the B' may be the same or different from each other; R" and 
R^ are hydrogen atoms or arbifarary substituents, independent from each otiier; M can 
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also take the form of a coordination complex with a coordination number of 3 or more, 
in which case M may be formed from arbitrary substituents or bond part in general 
formula (16), or arbitrary Ugands, in an arbitrary metal-to-ligand ratio; and, a metal ion 
may also be coordiixated with the adjacent B surrounding the azo group, in the case that 
there are a plurality of B, or the B' and C, in the form of -OM-O). 

(20) A pigment set in accordance with Qaim (19), characterized in that at least one of 
R'* and R*" in general formulas (15)-(16) is any one of the following: a hydrogen atom, 
optionally substihited sulfonyl group, optionaUy substituted carbonyl group, optionally 
substituted triazinyl group, optionally substituted C,-C, alkyi group, optionaUy substi- 
tuted Ci-C, alkoxy group, or optionally substituted phenyl group. 

(21) A pigment set in accordance with any of Claims (l)-(20), characterized in that the 
water-soluble azo metal chelate magenta pigment also has an azo pigment shown by 
general formula (1). 

(22) An ink set, characterized in that it comprises inks which contain, separately, the 
yellow, magenta, cyan, and, in some cases, black pigments of the pigment units in the 
pigment sets mentioned in any of Claims (1)-(21). 

(23) An ink set in accordance with Claim (22), characterized in that, in an ink set con- 
taining inks with yellow, magenta, and cyan pigments, if at least one ink consists of a 
combination of dark and light inks, any of the magenta pigments of Claims (1)-(12) and 
(21) are contained in the light ink of the magenta pigment 

(24) An ink jet recording method, characterized in that it uses an ink set mentioned in 
Claim (22) or Claim (23). 



Detailed Explanation of Invention: 
[0001] 

Tprhnolo gical Field nf the Invention 

This invention concerns a pigment set, an ink set, and an ink jet recording method 
using this ink set. More specifically, it concerns a pigment set consisting of at least 3 
pigment units (in particular, one which includes a magenta pigment containing a water- 
soluble azo metal chelate compoxmd suitable for ink jet recording as a pigment unit), an 
ink set comprising inks of various pigments, and an ink jet recording method using this 
ink set. 
[0002] 

Prior Art 

The so-called "ink jet recording method" is in practical use. In this method, re- 
cording is performed by spraying drops of a recording liquid containing a water- 
soluble dye, such as a direct dye or acidic dye, from a very small spray orifice. This re- 
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cording Uquid fixes rapidly on PPC (plain paper copy) photocopying paper, fanfold pa- 
per (a continuous paper for computes), and other generally used office recording pa- 
pers, and the quality of the printing is good. That is, the characters do not smear and 
their outlines are dear. In addition, the stability of the storage time, as a recording liq- 
uid, must also be excellent; therefore the solvents that can be used are greatly limited. 

[0003] 

The dyes for these recording liquids are subject to the following requirements: they 
must have sufficient solubilities in the solvents which are limited as mentioned above, 
they must be stable when stored for long periods of time as recording liquids, the satu- 
ration and darkness of the images printed with them must be high, and they must have 
excellent water resistance, light resistance, and indoor discoloration resistance. The di- 
rect dyes that have been used up to now do not have bright hues; conversely, acidic 
dyes, which have bright hues, tend to have inferior light resistance. Furthermore, the 
metal-containing azo pigments that have been used up to now have good light resis- 
tance, but their hues are dull and unclear. Therefore, the development of pigments for 
ink jet recording which are satisfactory in both hue and light resistance, in particular, as 
pigments for recording liquids, has been desired. 

[00041 

On tihe other hand, in the ink jet recording method, inks of 3 colors, yellow (Y), ma- 
genta (M), and cyan (C), or 4 colors, adding black (Bk) to them, are used to form full- 
color images. By controlling the quantities of the various inks emitted, images with col- 
ors consisting of mixtures of tiiese colors are formed on ttie recording medium. Fur- 
thermore, when full-color images are formed, it is necessary to express the densities of 
the colors as well as the different colors; ordinarily, 2 or more inks with different color 
densities are used to form the darker and lighter parts of the image. However, conven- 
tional sets of pigments for ink jet recording have had the problem of the images fading 
when exposed to light; that is, they have had poor light resistance. There is also the 
problem that the light resistances of the light parts, in which inks with low color densi- 
ties are used, are especially low. It is also a requirement that the fading balances of the 
original colors which form the full-color images be even. However, conventional pig- 
ments, especial magenta pigments, tend to undergo catalytic fading, due to their cyan 
pigments, and especially phthalocyanine pigments. The OD (printing density) of ma- 
genta in mixed-color parts of images tend to fade much more than the degree of fading 
that would be predicted hrom the stability of the magenta pigment alone, hik sets with 
various magenta pigments have been proposed to remedy these defects, but it has not 
yet been possible to obtain a sufficient performance, combining saturation, hue, and 
stability. Furthermore, in these specifications, the pigments of the three colors men- 
tioned above and the black pigment wiU be referred to as "pigment units," a combina- 
tion of 2 or more pigments will be referred to as a "pigment set," and a combination of 2 
or more inks containing various pigments and 2 or more inks witih different pigment 
densities will be referred to as an "ink set." 



[00051 
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For example, an example in which the light fading resistance of magenta-cyan 
mixed-color printed materials is improved is shown in Publication of Unexamined Pat- 
ent Application 2000-256587. It is stated that several improvements have been made 
over conventional technologies, but according to the results of light-resistance tests of 
images, there is a great color difference, of about 3 times, between the magenta and the 
cyan, that is, it is only possible to obtain a great degree of fading, so that room for im- 
provement remains. 

[0006] 

On the other hand, an example of a pigment set and an ink set with specific kinds 
of yellow, cyan, and magenta pigments is described in U.S. Patent No. 6,053,969. How- 
ever, there is no recognition of the problem mentioned above with the stability of 
mixed-color images which include the magenta pigment; in fact, there is no indication 
that special magenta pigments, such as those of the invention of this application, were 
used. 

[0007] 

Problems Which the Invention is to Solve 

The purpose of this invention is to provide a pigment set which makes it possible, 
when full-color recording is performed by the ink jet recording method, to obtain im- 
ages with a good printing quality, bright hues, high density, excellent light resistance, 
and good indoor discoloration resistance, as well as a good balance of fastness and color 
fading even after long-term storage, as well as an ink set and an inkjet recording 
method using this ink set. 

[0008] 

Means of Solving These Problems 

The inventors accomplished the purpose mentioned above by using a pigment set 
which includes, as the magenta pigment, a water-soluble pigment which is an azo che- 
late compound of a specific azo compottnd and a metal element. That is, one element of 
this invention is that it is a pigment set which is characterized by the fact that it includes 
at least one magenta pigment which is a water-soluble azo metal chelate compotmd 
formed from an azo compound, shown by general formula (1) below, and a metal ele- 
ment, a yellow pigment, and a cyan pigment as tiie pigment \mits. 




(1) 



[0009] 

(wherein general formula (1) is an azo compound with at least one hydrophilic group in 
its molecule; is a plurality of atoms which are necessary to form at least one heterocy- 
cle with 5-7 members, provided that the heterocycle containing Xj is not a pyridine 
ring; X^ may have substituents on the heterocyde; tiie substituents on the heterocycle 
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may be condensed to form a fused ring; the fused heterocyde containing X , may be 
substituted; Ar, is a naphthyl group selected from general formulas (2H4) below; Y, is a 
chelating group; Z, are arbitrary substituents which may be the same or different from 
each other; and a is an integer in the range of 0-6): 

[0010] 




(2) 





[0011] 

Another element of this invention is that it is an ink set, characterized in that it 
comprises inks containing, individually, the yellow pigment, magenta pigment, cyan 
pigment, and, in some cases, a black pigment, of the pigment units in the aforemen- 
tioned pigment set, and an ink jet recording method using this ink set. 



Working Embodiment of This Invention 

[0012] 

This invention will be explained in detail below. The pigment set of this invention 
comprises pigment units consisting of the 3-color pigments magenta, yellow, and cyan, 
as well as a black pigment. The metal chelate pigment of the magenta pigment in this 
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invention is a water-soluble azo metal chelate compound formed j&rom the azo com- 
potmd shown in general formula (2) above and a metal element. It is ordinarily desir- 
able for its molecular weight to be less than 4000, and among such compounds, consid- 
ering solubility, storage stability, printing concentration, etc., together, it is preferable 
for the molecular weight to be more than 300 and less than 2000. In general formtila (1) 
above, Xj is a plurality of atoms which are necessary to form at least one heterocycle 
with 5-7 members, but the heterocycle containing Xj is not a pyridine ring. The hetero- 
cyde containing X^ is preferably an imidazole, pyrazole, isooxazole, thiazole, thiadia- 
zole, pyridazine, pyrimidine, pyxazine, benzothiazole, benzooxazole, or benzimidazole 
ring. Among these, especially desirable heterocycles containing Xj are imidazole, pyra- 
zole, thiazole, and thiadiazole rings. 

10013] 

The heterocycle containing X^ may have one or more substituents on it, and the 
substituents on the heterocycle may be condensed to form a fused ring. In this case, it is 
desirable for the substituents on the heterocycle to be selected independently from op- 
tionally substituted alkyl groups (e.g., methyl, ethyl, or other alkyl groups with carbon 
numbers of 1-6, carboxymethyl, carboxyethyl, trifluoromethyl, etc. groups), optionally 
substituted aryl groups (preferably, aryl groups with carbon numbers of 6-10, e.g., 
phenyl or naphthyl groups), optionally substituted aralkyl groups (benzyl groups, pref- 
erably ones with total carbon numbers of 7-10), optionally substituted allyl groups (e.g., 
vinyl or 2-propenyl groups), optionally substituted alkoxy groups (preferably alkoxy 
groups with carbon numbers of 1-6, e.g., methoxy or ethoxy groups), optionally substi- 
tuted aryloxy groups (e.g., a phenoxy group), optionally substituted acyloxy groups 
(preferably alkanoyloxy groups with carbon numbers of 2-7, such as an acetyloxy 
group, benzoyloxy groups, etc.), optionally substituted alkoxycarbonyl groups (pref- 
erably alkoxycarbonyl groups with carbon numbers of 2-7, e.g., methoxycarbonyl or 
ethoxycarbonyl groups), optionally substituted aryloxycarbonyl groups (e.g., 
phenoxycrbonyl or naphthyloxycarbonyl groups), optionally substituted carbamoyl 
groups, optionally substituted acyl groups (e.g., acyl groups with carbon numbers of 2- 
10, e.g., an acetyl group), carboxyl groups, hydroxyl groups, cyano groups, optionally 
substituted acylamino groups (e.g., alkanoylamino groups with carbon numbers of 2-7, 
e.g., an acetylamino group, benzoylamino groups, etc.), nitro groups, halogen atoms 
(e.g., chlorine, bromine, or fluorine atoms), phosphono groups, sulfo groups, mercapto 
groups, optionally substituted alkylthio groups (e.g., alkylthio groups with carbon 
numbers of 1-6, such as methylthio and ethylthio groups), optionally substituted alkyl- 
sulf oxy groups (e.g., alkylsulfoxy groups with carbon numbers, such as methylslfoxy 
and ethylsulfoxy groups), optionally substituted alkylsulfonyl groups (e., alkylsulfonyl 
groups with carbon numbers of 1-6, such as methylsulfonyl and ethylsulfonyl groups), 
and thiocyanate groups. 

[0014] 

Among these, it is preferable for the heterocycles containing X^ to be metal chelate 
compounds shown by general formulas (5)-(8) below. 
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[00151 




(5) 



[0016] 

(wherein the is selected from an optionally substituted alkyl group, optionally substi- 
tuted aryl group, optionally substituted aralkyl group, optionally substihited alkoxy 
group, optionally substituted aryloxy group, optionally substituted acyloxy group, op- 
tionally substituted alkoxycarbonyl group, optionally substihited aryloxycarbonyl 
group, carboxyl group, optionally substituted carbamoyl group, hydroxyl ^oup, op- 
tionally substituted acyl group, cyano group, optionally substituted acylamino group, 
nitiro group, halogen atom, sulfo group, mercapto group, optionally substituted alkyl- 
thio group, and thiocyanate group, which may be the same or different from each other; 
the Ri may also form a fused ring with an imidazole ring; c is an integer in ihe range of 
0-2; and is a hydrogen atom, optionally substihited aryl group, or optionally substi- 
tuted allyl group). Among these, it is desirable fot Rj to be an optionally substituted 
alkoxycarbonyl group, carboxyl group, or cyano group, and for R^ to be a a hydrogen 
atom or an optionally substihited alkyl group. The most preferable case is the one in 
which c=2, tiie two R, are both cyano groups, and the R^ is a hydrogen atom or an op- 
tionally substituted alkyl group. 

[0017] 




[0018] 

(wherein the Rj [sic] axe selected from an optionally substituted alkyl group, optionally 
substituted aryl group, optionally substituted aralkyl group, optionally substituted 
alkoxycarbonyl group, optionally substituted aryloxycarbonyl group, carboxyl group, 
optionally substituted carbamoyl group, hydroxyl group, cyano group, or sulfo group, 
which may be the same or different from each other; d is an integer in the range of 0-2; 
and R4 is a hydrogen atom, optionally substihited alkyl group, or optionally substihited 
aryl group). 

[0019] 




(7) 



(wherein the Rj are selected from an optionally substituted alkyl group, optionally sub- 
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stituted aryl group, optionaUy substituted aralkyl group, optionaUy substituted alkoxy 
group, optionaUy substituted aryloxy group, carboxyl group, optionaUy substituted 
alkoxycarbonyl group, optionaUy substituted aryloxycarbonyl group, carboxyl group, 
hydroxyl group, optionaUy substituted acyl group, cyano group, optionaUy substituted 
acylainino group, nibro group, halogen atom, sulfo group, optionaUy substitiited alkyl- 
thio group, or optionaUy substitiited arylthio group, which may be the same or differ- 
ent from each otiier; the R3 may also form a fused ring witii a tiiiazole ring; and e is an 
integer in the range of 0-2). Preferable cases are the case in which Rj is an optionally 
substituted aUcyl group, the case in which e=0 and there is no Rj, or the case in which Rj 
forms a fused ring witti the tihiazole ring. 

[0021] 




[0022] 

(wherein is a hydrogen atom, an optionaUy substitiited alkyl group, optionaUy sub- 
stituted aryU group, optionaUy substitiited araUcyl group, mercapto group, optionaUy 
substitiited aUcylthio group, optionally substitiited alkylsulfoxy group, or optionaUy 
substitiited alkylsulfonyl group). R^ is preferably a hydrogen atom or an optionaUy sub- 
stituted alkyl group. 

[0023] 

Among the heterocydes shown by general formulas (5)-(8) above, the imidazole 
ring shown by general formula (5) is preferable. It is espedaUy desirable for general 
formula (5) to be general formula (50 shown bdow: 




(wherein R^' is a hydrogen atom or an optionaUy substitiited aJkyl group). 
[0024] 

Moreover, the Ai^ in general formula (1) is a naphthyl group shown by general 
formulas (2)-(4) above, and is a chelating group. Preferably, Y, is a hydroxyl group, 
carboxyl group, optionally substitiited amino group (e.g., an amino, methylamino, 
bis(2-hydroxyetiiyl)amino, etc., group, sulfo group, carbamoyl group, optionaUy substi- 
tuted aUcoxy group (e.g., a methoxy, carbonyl, 2-hydroxyethoxy, etc., group), optionaUy 
substitiited aUcyltitio group (e.g., a methyltiiio, 2-hydroxyethylthio, etc., group), option- 
aUy substitiited alkylsulfonylamino group (e.g., a methylsulfonylamino, etc., group), or 
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optionally substituted arylsulfonylamino group (e.g., a benzenesiilfonylaiiiino group, 
etc). 

[0025] 

The Zj m general formulas (2)~(4) above are preferably selected from optionally 
substituted alkoxy groups (e.g., alkoxy groups with carbon numbers of 1-6, e.g., meth- 
oxy and ethoxy groups), optionally substituted aryloxy groups (e.g., phenoxy group), 
optionally substituted acyloxy groups (e-g., alkanoyloxy groups with carbon numbers 
of 2-7, such as an acetyloxy group, benzoyloxy group, etc.), optionally substituted 
alkoxycarbonyl groups e.g., alkoxycarbonyl groups with carbon numbers of 2-^7, such 
as methoxycarbonyl and ethoxycarbonyl groups), optionally substituted aryloxycar- 
bonyl groups (e.g., phenoxycarbonyl and naphttiyloxycarbonyl groups), carboxyl 
groups, optionally substituted carbamoyl groups (e.g., carbamoyl, optionally substi- 
tuted carboxyanilide groups (a 3~sulfocarboxyanilide group, etc.), hydroxyl group, op- 
tionally substituted amino group (e.g., an amino group, alkylamino groups willi carbon 
numbers of l-^, such as a methylamino group), ureide groups, optionally substituted 
acylamino groups (e.g., aUcanoylamino groups with carbon numbers of 2-7, such as an 
acetylamino group, benzoylamino groups, etc.), optionally substituted alkylsulfonyl- 
amino groups (e.g., alkylsulfonylamino groups with carbon numbers of 1-6, such as a 
methylsulfonylamino group), optionally substituted arylsulfonylamino groups (e.g., 
phenylsulfonylamino, 4-methylphenylsulfonylamino, etc., groups), phosphono groups, 
sulfo groups, and optionally substituted sulfamoyl groups (e.g., sulfamoyl, N,N- 
bis(carboxymethyl)sulfamoyl, etc., groups), a is an integer in te range of 0-^. 

[0026] 

Preferably, the are carboxyl, optionally substituted carbamoyl, sulfo, or option- 
ally substituted sulfamoyl groups. Moreover, among iiie naphthyl groups shown by 
general formulas (2)-(4) those of general formula (2) or general formula (4) are prefer- 
able. In particular, ones in which Ar^ is shown by general formula (5'0 below are suit- 
able: 

HQ 



. . "2 ' {51 

(wherein R^'' is a sulfo group or an optionally substituted sulfamoyl group). The azo 
compound shown by general formula (1) is a compoimd with at least one hydrophilic 
group in its molecule. Examples of such hydrophilic groups are the sulfo, carboxyl, hy- 
droxyl, amino, phosphono, etc., groups; sulfo or carboxyl groups are preferable, among 
these. 
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[0027] 

In this invention, examples of the metals which form the chelate compound with 
the azo compound shown by (1) are silver (I), aluminum (III), gold (HI), cerium (HI, IV), 
cobalt (n, m), chromium (HI), copper (I, H), europium (IE), iron (H, HI), galHum (HI), 
germanium (IV), indium (HI), lanthanum (IE), manganese (H), nickel (II), palladium (II), 
platinum (H, IV), rhodium (H, HI), ruthenium (H, ffl, IV), scandium (HI), siUcon (IV), 
samarium (HI), titanium (IV), uranium (IV), zinc (H), zirconium (IV), etc. Preferable ones 
are nickel (E), cobalt (E, EI), and copper (E). Examples of metal salt anions used in pro- 
ducing tiie metal complex are monovalent or divalent anions such as CI', Br', CH3COO', 
SO/', etc. 

[0028] 

The pigments used in this invention ma be used as is, in Hie free add form, but 
when they are obtained in the form of salts during their production, tiiey may also be 
used in this form as is, or they may be converted to the desired salts. Furthermore, some 
of the add groups may be in salt form, or salt and free add pigments may be mixed to- 
gether. Examples of such salts are alkali metal (Na, Li, K, etc.) salts, ammonium salts, 
which may have alkyl or hydroxyalkyl substituents, or organic amine salts. Examples of 
these organic amines are lower alkyl amines, hydroxy-substitiited lower alkyl amines, 
carboxy-substituted lower alkyl amines, and polyamines with 2-10 alkyleneimine units 
with carbon numbers of 2-4. When such salts are used, only one kind may be used, or a 
number of kinds may be mixed together. 

[0029] 

Moreover, if a number of kinds of add groups are contained in the molecule when 
flie pigments used in this invention are produced, these add groups may be in salt or 
add form, and may be in different forms. Spedfic examples of these pigments are ones 
with the structures shown in Tables 1-6 below, but this invention is not limited to them. 
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Table 1 (continued) 
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10043] 

Table 2 (continued) 
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TMe 2 (continued) 
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Table 3 (continued) 
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Table 4 (continued) 
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[0054] 
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[0055] 

Table 6 (continued) 
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[0056] 

The yellow pigment used as a pigment unit in this invention is not particularly lim- 
ited, but the pigments shown by general formulas (9), (10), (11), and (12) below are suit- 
able for this use. Ones with molecular weights of 4000 or less are desirable, and among 
these, considering solubility, storage stability, printing concentration, etc., together, it is 
preferable for the molecular weight to be more than 300 and less than 2000. 
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RY1 RY1 



\ RY1 In. . (9) 

(wherein the are hydrogen atoms, halogen atoms, or arbitrary substituents; the plu- 
rality of may be the same or different from each other; and n is 1 or 2). 

[0057] 

RY2 



RY2 RY2 



-RV2 



r'y2 RV2 R^2 /„ ^jQj 




(wherein the R" are hydrogen atoms, halogen atoms, or arbitrary substituents; the plu- 
rality of R^ may be the same or different from each other; and n is 1 or 2). 




(11) 

(wherein the R^ are hydrogen atoms, halogen atoms, or arbitrary substituents, and the 
plurality of R^ may be the same or different from each other). 

[0059] 



RY4 RV4 





rV4 Rir4 



:y4 "^R^- 



R^ 



(12) 

(wherein the R^* are hydrogen atoms, halogen atoms, or arbitrary substituents, and the 
plurality of R^* may be the same or different from each other). 

[0060] 

In general formulas (9)-(12), the R^-R^* can be, for example, halogen atoms, car- 
boxyl groups, sulfo groups, phosphono groups, sulfamoyl groups, optionally substi- 
tuted sulfonyl groups, optionally substituted carbonyl groups, optionally substituted 
triazinyl groups, optionally substituted Cj-C^ alkyl groups, optionally substituted Cj-C^ 
alkoxy groups, optionally substituted phenyl groups, or optionally substituted amino 
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groups. Among these, sulfo, carboxyl, etc., groups can be used as suitable substituents 
in the aromatic rings on the left sides of the azo rings in general formulas (9H12). On 
the other hand, phenyl groups, etc., which optionaUy have alkyl, alkoxy, carboxyl, or 
sulf o groups or halogen atoms, etc., as substituents can be used as suitable substituents 
in the aromatic rings on the right sides of the azo rings in general formulas (9)-(12). Fur- 
thermore, carbonyl, triazinyl, etc., groups are suitable examples of the substituents 
which are bonded to the amino groups in general formulas (9) and (10). They may be 
connected to another azo pigment skeleton either directly or through another connect- 
ing group, or they may have amino or ttuenyl substituents, which in him [may have] 
substituted alkyl group substituents. 

[0061] 

Specific examples of these pigments are C. I. Add Yellow 17:1, C. I. Add Yellow 23, 
C I Add YeUow 49, C. I. Add YeUow 65, C. I. Add Yellow 104, C. I. Add Yellow 155, 
C I Acid Yellow 183, C. I. Add Yellow 194, C. I Add YeUow 86, C. I. Add YeUow 106, 
C. I. Add YeUow 132, C. I. Add YeUow 142, C. I. Add YeUow 173, and C. I. Direct Yel- 
low 194. 
[0062] 

In addition, in case the pigments corresponding to general formulas (9) and (10) are 
shown by [(A-N=N=B -NH-)„-R] (where n is 1 or 2), and the pigments corresponding to 
general formulas (11) and (I2") are shown by [A-N=N-B'], the structures of the free adds 
shown by A, B*, and B' are shown in Tables 7 and 8. Suitable pigments of this invention 
can be selected from these examples, but the pigments are not limited to them. 

[0063] 

Table 7 
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[0064] 
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Table 7 (continued) 
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[0065] 

Table 7 (continued) 
(A-N=N-Bi-N h\r 
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Table 8 
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[0067] 

Table 8 (continued) 



A-N= N-B^ 



Examples of 






H^ere are no particular limits to the cyan pigmeijt as a FS^ent umt of ^^^^^^ 
tion but for example, the pigments shown in general formulas (13) and (14) below are 

and among these, considering solubiHty, storage stabiUty, P^^^g co^'^^jf ^ 
SSSr, it is preferable for the molecular weight to be more th^ 300 and less than 
3000 In partic\dar, phthalocyanine pigments shown by general formula (13) are smt- 
abk s^ce they haVe good light resistance, but triphenylmelhane pigments shownby 
g^iXmSa (14) L abo^usable in cyan inks, because of their good hues and satura- 
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[0069] 




(13) 



(wherein the R° are hydrogen atoms, halogen atoms, or arbitrary substituents; the plu- 
rality of R"" may be the same or different from each other; and M is a metal atom) 

[0070] 

■Mr 

R« (14) 

(wherein the R° are hydrogen atoms, halogen atoms, or arbitrary substituents and the 
plurality of R° may be the same or different from each other). 

[0071] 

Examples of the R^' and R"^ In general formulas (13)-(14) are halogen atoms, car- 
boxyl groups, sulfo groups, phosphono groups, sulfamoyl groups, optionally substi- 
hited sulfonyl groups, optionaUy substituted carbonyl groups, optionally substituted 
triazinyl groups, optionally substihited C.-C, alkyl groups, optionally substituted C,-C, 
alkoxy groups, optionally substihited phenyl groups, or optionally substituted amino 
groups. Among these, suitable examples of the R*^ in general formula (13) are the alkyl 
group, halogen atoms, or the sulfo, sulfamoyl, or sulfonyl group, with an alkyldiamino 
substihient bonded to substihited triazinyl or substihited phenyl groups. On the other 
hand, suitable examples of the R° in general formula (14) are the carboxyl, sulfo, or sul- 
famoyl group, or the amino group wifli a substituted alkyl substihient. 

[0072] 

Specific examples of these pigments are C. I. Add Blue 9, C. 1. Direct Bliie 86, C. I. 
Direct Blue 9, C. I. Direct Blue 199, C. 1. Reactive Blues 5, 7, 11, 14, 15:01, 18, 21, 23, 25, 

35, 38, 41, 48, 63, 71, 72, 77, 80, 85, 92, 95, 105, 107, 118:1, 123, 124, 136, 138, 140, 143, 148, 
152, 153, 159, 174, 197, 207, 215, 227, 229, 231, or their hydrogenates or free acid struc- 
tures, as shown in Tables 9 and 10. However, this invention is not limited to these ex- 
amples. 
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[0074] 



Table 10 



>i5 



(14) 



Examples of R'^ 



R«.1 



.C2H9 



CHa-Q 

RM.4 

-N(C2Hs)2 



RM.2 

-NHj 

SO3H 
R"-5 



R"-3 
-N(CH^2 



R«».6 
-SOsH 



H hydrogen 
atom 



Examples of X 
X - 1 X-2 

-sosH -m 



X-3 
-CH, 



X-4 



X- 5 

II hydtogea 
atom 



I » . _ — _»-> 



[0075] 

There are no particular limits to the black pigment, as a pigment unit of this inven- 
tion; pigments such as carbon black or dye pigments are suitable for this use. The pig- 
ments shown by general examples (15) and (16) are especially good examples of these 
dye pigments. Ones with molecular weights of 4000 or less are desirable, and among 
these, considering solubility, storage stability, printing concentration, etc., together, it is 
preferable for the molecular weight to be more than 300 and less than 2000. 

[0076] 



{ B-N= N^C-N= M-D-{-S(^H)„ 

' NnrB1r«), (15) 

(wherein general formula (15) is a compound with at least one hydrophilic group in its 
molecule; B, C, and D are aromatic groups, independent from each other, which may 
have arbitrary substituents; m is an integer in the range of 0-1; n is an integer in the 
range of 0-3; p is an integer in tiie range of 0-2; q is an integer in the range of 0-4; if a 
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plurality of B are present, the B may be the same or different from each other; and R 
and R"^ are hydrogen atoms or arbitrary substituents, independent from each other) 

[0077] 



0-M— 0 ,oH)m. ■ 
" NnrBIrK)^. ^^^^ 

(wherein general formula (16) is a compound wiiii at least one hydrophilic group in its 
molecule; B', C, and D' are aromatic groups, independent from each other, which may 
have arbitrary substituents; m' is an integer in the range of 0-1; n' is an integer in the 
range of 0-3; p' is an integer in the range of 0-2; q' is an integer in the range of 0-4; if a 
plurality of B' are present, the B' may be the same or different from each oilier; R" and 
are hydrogen atoms or arbitrary substituents, independent from each other; M can 
also take the form of a coordination complex with a coordination number of 3 or more, 
in which case M may be formed from arbibrary substituents or bond part in general 
formula (16), or arbitrary ligands, in an arbitrary metal-to-ligand ratio; and, a metal ion 
may also be coordinated with the adjacent B surrotmding the azo group, in the case that 
there are a plurality of B, or the B' and C, in the form of -0-M-0-). 

[0078] 

The R" and R" in general formulas (15)-(16) may be, for example, hydrogen atoms, 
optionally substituted stdfonyl groups, optionally substituted carbonyl groups, option- 
ally substituted triazinyl groups, optionally substituted Cj-C^ alkyl groups, optionally 
substihated C,-C, alkoxy groups, or optionally substituted phenyl groups. 

[0079] 

In general example (15), it is especially desirable for m to be 1, n to be 1 or 2, and p 
to be 1. It is also especially desirable for R^' and R^^ to be, independently, hydrogen at- 
oms, optionally substituted phenyl groups, or optionally substituted C^-C^ aUcyl 
groups. It is preferable for q to be in the range of 0-2; if q is 0 or 1, especially if q is 0, it ' 
is preferable for the aromatic ring shown by D to contain, further, an aromatic-ring- 
substituted azo substituent. If q is 1, it is preferable for the aromatic ring shown by B to 
be a sulfo group, carboxyl group, or phenyl or naphthyl group with a phosphono sub- 
stituent, and still more preferable for the aromatic ring shown by C to be a sulfo group, 
carboxyl group, optionally substitiited Cj-C, alkyl group, optionally substihated C.-C^ 
alkoxy group, acetoamino group, or phenylene or naphthylene group with a substi- 
tiited alkylsulfonyl substituent. If q is 2 or greater, it is still more desirable for the B on 
the left end, among the plurality of B in general formtda (15), to be a sulfo group, car- 
boxyl group, or phenyl or naphthyl group with a phosphono substituent, and for the 
otiier B and the C to be sulfo groups, carboxyl groups, optionally substituted Q-C^ al- 
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kyl groups, optionally substituted Cj-C^ alkoxy groups, acetoamino groups or phenyl 
or naphthyl groups with substituted alkylsulfonyl substituents. 

[0080] 

In general formula (16), it is especially desirable for m' to be 0, for n' to be 1 or 2, 
and for p' to be 1. It is especially desirable for R^^ and R^^ to be, independently, hydro- 
gen atoms, optionally substituted phenyl groups, or optionally substituted Cf-C^ alkyl 
groups. It is preferable for q' to be in the range of 0-2; if q' is 0 or 1, especially if q' is 0, it 
is preferable for the aromatic ring shown by D' to contain, further, an aromatic-ring- 
substituted azo substituent. If q' is 1, it is preferable for the aromatic ring shown by B' to 
be a sulfo group, carboxyl group, or phenyl or naphthyl group with a phosphono sub- 
stituent, and still more preferable for the aromatic ring shown by C to be a sulfo group, 
carboxyl group, optionally substituted C^-C^ alkyl group, optionally substituted Cj-C^ 
alkoxy group, acetoamino group, or phenylene or naphthylene group with a substi- 
tuted alkylsulfonyl substituent. If q' is 2 or greater, it is still more desirable for the B' on 
the left end, among the plurality of B' in general formula (16), to be a sulfo group, car- 
boxyl group, or phenyl or naphthyl group with a phosphono substituent, and for the 
other B' and the C to be sulfo groups, carboxyl groups, optionally substituted Q-C^ al- 
kyl groups, optionally substituted C^^-C^ alkoxy groups, acetoamino groups or phenyl 
or naphthyl groups with substituted alkylsulfonyl substituents. 

10081] 

Specific examples of these pigments are C. L Food Black 2, C. 1. Direct Black 19, C. L 
Direct Black 154, C. L Direct Black 195, C. L Direct Black 200, Reactive Black 31, or their 
hydrogenates or free acid structures, as shown in Tables 11 and 12. However, this in- 
vention is not limited to these examples. In order to explain the structures of the black 
pigments shown in general formulas (15) and (16), in Tables 11 and 12, formulas (15') 
and (160 are shown: 

[0082] 

A"N-« N-f B-N« N^u-C (IB*) 
/^-^ , 

( A-N=: l*hiH"8-^N= M^D-N- I*- C (16') 

In the black pigments used in this example, in formula (15'), it is preferable for n to be 
1-2. If n is 2, the B may be the same or different from each other. In formula (16'), it is 
preferable for m to be 0-1 and n to be 0-2, If n is 2, ihe B may be the same or different 
from each other. 
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[0083] 

Table 11 

A-N= N-tB-N=Nt|i-C ^ 



Examples of A 




[0084] 

Table 11 (continued) 



Examples of B 




■ B - • B ■ B ' B -_10 



Table 11 (continued) 



Examples of C 



C-1 0.2 




Table 12 




Table 12 (continued) 



(A-N= N|^B-N«r*in-D-N-»HC' 



Examples of B 



B.t B-2 






'SO3H HO3S 

-0- -0- 

a-« B-B B-10 






Examples of D 

D-1 O-Z D-3 

<r 

D-5 

O- 




OCHj 



[0088] 



Table 12 (continued) 
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Examples of C 





[0089] 

Table 13 shows specific examples of yellow and black pigments that are especially 
desirable for use in the pigment set of this invention. Furthermore, Table 14 shows es- 
pecially desirable combinatioiis of these pigments and the magenta pigment of this in- 
vention. 
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[0090] 

TablelS 



13-1 


, <^ 

COOMH4 


13-2 


f«"3 H3CO ^ 

/TA y=\ /=\ /==v 


18 -a 


SOjtta NHC2K4OH 


13-4 


^•^^ 0CH3 /scjuee^ih 

SOjNa ^ 


13 -S 


COOH 
OH 


13-8 


OH 



Table 13 (continued) 



13-7 








IS -8 


H4N00d < 




T 


13-8 




rri) 


13-10 


O Cu-— 

OCH» 


-0 HOOC 




13-11 




OCH3 NsG^ ^h"'^^ ^^SOj Na 


13-15 




13 -1J 






18 - 14 
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[0092] 



Table 14 



Magenta Compound 
No. 


Yellow Compound No. 


Cyan 


Black Compound No. 


1-5 


13-2 


CI. Direct Blue 199 


13-9 


1-6 




C. 1. Reactive Diue od 


13-7 


1-9 


13-1 


C. I. Direct Blue 307 


13-8 


1-34 


13-4 
13-6 


C. L Direct Blue 199 


13-10 


1-36 


13-6 


C. L Direct Blue 14 


13-10 


1-44 . 


13-1 


CL Direct Blue 199 . 


1311 


1-46 


13-6 


C I. Reactive Blue 231 


13-14 


1-48 


13-5 
13A 


C. L Direct Blue 199 
C. LAddBlue9 


13-13 



In Table 14, the compound numbers of the magenta pigments are those of the com- 
pounds in Tables 1-6; the compounds numbers of the yeUow and black pigments are 
tiiose of the compoimds in Table 13. 

[0093] 

The magenta pigment of ttiis invention can be obtained by pubUcly-known meth- 
ods, such as the diazoification coupling method of diazoifying the raw material cyclic 
amino compound and coupling [it] with a naphthol, or the method of condensmg a hy- 
drazino compound with, for example, a 1,2-naphthoquinone derivative to ma^ an azo 
pigment and reacting a metal compound, such as nickel chloride or copper sulfate, with 
the azo pigment. The inks of this invention can be prepared by using the pigments of 
the aforementioned pigment set, i.e., magenta, yellow, cyan, and, if desired, black. It is 
desirable for the quantities of the pigments contained in the recording Uqmds (inks) to 
be 0 1-10 wt%, preferably 0.5-7 wt%, and especially preferably 2-5 wt%, m toto, with 
respect to the total quantity of recording Uquid. When light inks are used, it is desirable 
for the quantity of pigment contained in them to be about 0.1-2 wt% and preferably 0.1- 
1 5 wt%. Moreover, a pluraUty of pigments may be put into any arbitrary ink. Further- 
more, in the magenta ink of this invention, the pigment shown by general formula (1) 
above is contained as a chelate compound with a metal element, but [this invention] 
also includes the case in which it is partially present in the recording Uquid as a free 
pigment without forming the chelate compound. By including the free pigment, it is 
possible, in some cases, to make the chelate compound present in a stable state. On the 
other hand, if the quantity is too great, the performance originally obtained as a metal 
chelate compound will be lost; therefore, [the free pigment] is present, it is ordinanly 
present in the proportion of about 1-5 wt% with respect to the recording hquid. 
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[0094] 

Furthermore, as the aqueous medium used in the recording liquid (ink) of this in- 
vention, it is desirable to use a medium consisting of water and a water-soluble organic 
solvent; desirable examples of these water-soluble organic solvents contained in the wa- 
ter are ethylene glycol, propylene glycol, butylene glycol, diethylene glycol, triethylene 
glycol, polyethylene glycol (weight average molecular weight approximately 190-400), 
glycerol, N-methylpyrrolidone, N-ethylpyrrolidone, 1,3-dimethylimidazolidinone, 
thiodiethanol, dimethylsulfoxide, ethylene glycol monoaUyl ether, ethylene glycol 
monomethyl ether, diethylene glycol monomethyl ether, 2-pyrrolidone, sulfolan, ethyl 
alcohol, isopropyanol, etc. These water-soluble organic solvents are ordinarily used in 
the range of 1-45 wt% with respect to the total recording liquid. On the other hand, the 
water is used in the range of 50-95 wt% of the total quantity of the recording Uquid. 

[00951 

The rapid drying property of the recording liquid of this invention after printing 
and its printing quality can be improved by adding a compound selected from urea, 
thiourea, biuret, semicarbazide, etc., at 0.1-10 wt%, and preferably 0.5-5 wt%, of the to- 
tal quantity of the recording liquid, or adding 0.001-5 wt% surface active agent. 

[0096] 

The ink set of this invention combines at least two inks containing the aforemen- 
tioned pigments or two or more inks with different pigment concentrations in each 
pigment. A suitable ink set can be obtained by combining inks prepared on the basis of 
a pigment set which combines suitable pigments mentioned above. 

[0097] 

Working Example 

This invention will be explained in detail below by giving reference and working 
examples, but this invention is not limited to these working examples, as long as its gist 
is not exceeded. 

[0098] 

Reference Examples I 

1. Production of pigment (1) 

1: Synthesis of azo compound (Diazoified Coupling Example 1) 

A solution of 206 ml water, 20 ml 35% hydrochloric add, and 10.0 g 2-amino-4,5- 
dicyanoimidazole was cooled, and an aqueous solution of 5.5 g sodium nitrite dissolved 
in 12 ml water was added at 5-10°C to perform diazoification. 

[0099] 
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The excess sodium nitrite was decomposed wiih sulfamic acid to obtain a diazo so- 
lution. A solution of 27.5 g disodium 2~naphthol-3,6-disulf onate dissolved in 284 ml wa- 
ter was prepared, and it was dropped into the aforementioned diazo solution, while the 
pH was adjusted to 8.O-9.0 with an aqueous solution of NaOH. The solids produced 
were filtered out, washed with water, and dried, to obtain 34.1 g of the compoimd 
shown in the structural formula (LI) below. 

[0100] 



[0101] 

1: Synliiesis of metal chelate pigments 

Reference Example 1 Preparation of nickel chelate pigments 

Forty-five milliliters water were added to 3.0 g of an azo pigment with structural 
formula (LI) and it was dissolved, with the pH adjusted to 10.0 with an aqueous NaOH 
solution. A solution of 0.72 g nickel(n) chloride hexahydrate/7 ml water was dropped 
into this solution at 15-25°C. During the reaction, the pH was adjusted to 9.0-10.0 with 
an aqueous NaOH solution. 1.0 g sodium chloride was added and the solids were fil- 
tered out. Forty-five milliliters water were added to tiie wet cake obtained, and it was 
heated and dissolved at 50-55°C. One hundred thirty milliliters isopropyl alcohol were 
added to the filtrate obtained, the precipitate was filtered out and dried, and 1.1 g of 
each of the nickel chelate compounds Nos. 1-5 shovm in Table 1 were obtained. The 
peak absorption wavelength (in water) of the nickel chelate pigments obtained was 
529.0 nm. 

[0102] 

Reference Example 2 Preparation of copper chelate pigments 

Three himdred milliliters water were added to 10.0 g of an azo pigment with struc- 
tural formula (LI) and it was dissolved, witih the pH adjusted to 10.0 with an aqueous 
NaOH solution. Next, a solution of 1.73 g copper(n) chloride dihydrate/33 ml water 
was dropped into this solution. During the reaction, the pH was adjusted to 9.0-10.0 
with an aqueous NaOH solution. Twenty grams sodium chloride were added and the 
solids were filtered out. The wet cake obtained was dissolved in water and isopropyl 
alcohol was added; the precipitate was filtered out and dried, and 5.0 g of each of tifie 
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copper chelate compounds Nos. 1-6 shown in Table 1 were obtained. The peak absorp- 
tion wavelength (in water) of the nickel chelate pigments obtained was 544.0 nm. 

[0103] 

Reference Examples 3-19 Preparation of nickel chelate pigments 

the nickel chelate pigments Nos. 1-9, 1-10, 1-14, 1-15, 1-34, 1-36, 1-38, 1-44, 1-45, 1- 
46, 1-48, 1-51, 1-52, and 1-53 of Table 1, Nos. 5-5 and 5-8 of Table 5, and No. 6-8 of Table 
6 were prepared by the same method as in Reference Example 1. 

[0104] 

The peak absorption wavelengths of these chelate pigments in water were meas- 
ured. Table 15 shows the chelate pigments prepared in the reference examples and their 
peak absorption wavelengths in water. 
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[0105] 

Table 15 



Reference Example No. 


Pigment No. 


Peak absorption 
wavelength (in 
watery 


Reference Example 1 


No, lO 


OZ7.U 


Reference Example 2 


No. 1-6 


044.0 


Reference Example 3 


No. 1-9 


KOI n 


Reference Example 4 


No. 1-10 


OZO.O 


Reference Example 5 


No. 1-14 


Ool.O 


Reference Example 6 


No. 1-15 




Reference Example 7 


No. 1-34 


514.0 


Reference Example 8 


IMO. 1-00 


DlO.0 


Reference Example 9 


No. I'Oo 


OZO.O 


Rererence example 10 


fsiO. 1-44 


CI 7 C 

al/.o 


Reference Example 11 


iNO. i-fta 


DZo.U 


Reference Example 12 


No. 1-46 


512.0 


Reference Example 13 


No. 1-48 


513.0 


Reference Example 14 


No. 1-51 


521.0 


Reference Example 15 


No. 1-52 


519.0 


Reference Example 16 


No. 1-53 


517.0 


Reference Example 17 


No. 5-5 


577.0 


Reference Example 18 


No. 5-8 


562.5 


Reference Example 19 


No. 6^ 


561.5 



[0106] 

The mass spectrum of No. 1-34 was measured by the electrospray ion method, us- 
ing a magnetic field mass spectrometer (JEOL Co., JjMS-700). The principle peak was 
measured at m/e=791; this corresponded to the metal : azo compound = 1:2 complex of 
No. 1-34 (molecular weight 792 58 Ni). 

[0107] 

Reference Example 20 Preparation of copper chelate pigment 

The copper chelate pigment No. 1-35 of Table 1 was prepared by the same method 
as in Reference Example 2. The peak absorption wavelength (in water) of the copper 
chelate pigment obtained was 549.5 nm. 

[0108] 
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n. Preparation of pigment (2) 

1: Synthesis of azo compound (DiazoifiedCoupliiig Example 2) 

Forty milliliters acetic add and 15 ml n-propionic add were added to 2.96 g 2- 
aminothiazole sulfate and the result was cooled to -5°C. 6.4 g nitirosylsulfuric add 
(43.8%) were added, while stirring at 0- -5°C, and the result was stirred to obtain a di- 
azo solution. The diazo solution obtained was added to a solution of 7.0 g disodium 2- 
naphtiiol-3,6-disulfonate dissolved in 300 ml ice water. A 20% aqueous NaOH solution 
was added at 5°C; the pH was neutiralized to 3 and coupling was performed. Forty 
grams sodium chloride were added, and the solids were fUtered out. 

[0109] 

The yellow cake obtained was re-dispersed in water (volume 200 ml) and tiie pH 
was adjusted to 9.0 with ah aqueous NaOH solution. Three hundred milliHters isopro- 
pyl alcohol were added and the pigment which predpitated out was filtered out, 
washed with a water /isopropyl alcohol = 1/1 mixhire, and dried. 7.48 g azo pigment 
with tiie sbructural formula (L2) below were obtained. 

[0110] 




[0111] 

2: Synthesis of metal chelate pigments 

Reference Example 21 Preparation of nickel chelate pigment 

Forty milliliters water were added to 1.53 g of the pigment of stiruchiral formula 
(L2); it was dissolved with the pH adjusted to 10.0 with an aqueous NaOH solution. 
Next, an aqueous solution of 0.792 g nickel(n) chloride hexahydrate was dropped into 
this solution. During tiie reaction, the pH was adjusted to 5.0-6.0 with acetic add, and 
stirring was performed. After the raw material disappeared, the reaction solution was 
added to 80 ml isopropyl alcohol; tiie predpitating pigment was filtered out, washed 
with a mixture of water /isopropyl alcohol = 1/2, and dried. 1.63 g of ihe nickel chelate 
pigment No. 3-1 of Table 3 were obtained. The peak absorption wavelength (in water) 
of the nickel dielate pigment obtained was 545.5 nm. 

[0112] 

Reference Examples 22-29 Preparation of nickel chelate pigments 
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The nickel chelate pigments Nos. 2-6 of Table 2, 342 of Table 3, 4-1, 4-2, and 4-15 of 
Table 4, and 5-1, 5-2, and 5-3 of Table 5 were prepared in the same manner as in Refer- 
ence Example 21. The peak absorption wavelengths in water of the nickel chelate pig- 
ments obtained were measured; tiie chelate pigments prepared in each reference exam- 
ple and their peak absorption wavelengths in water are shown in Table 16 below. 
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[0113] 

Table 16 



Keierence jcxaiiipie iNu. 


Piement No. 


Peak absorption 
wavelength (in 

water) 


Reference Example 20 


No. 1-35 


549.5 


Reference Example 21 


No. 3-1 


545.5 


Reference Example 22 


No. 2-6 


521.5 


Reference Example 23 


No. 3-12 


554.5 


Reference Example 24 


No. 4-1 


531.0 


Reference Example 25 


No. 4-2 


527.5 


Reference Example 26 


No. 4-15 


527.5 


Reference Example 27 


No. 5-1 


504.5 


Reference Example 28 


No. 5-2 


507.5 


Reference Example 29 


No. 5-3 


561.0 



[01141 

Reference Examples EI Preparation of recording liquid 

(1) Preparation of recording liquid (ink 1) 

Water was added to 10 parts by weight diethylene glycol, 3 parts by weight di- 
ethylene glycol monobutyl ether, and 3.0 parts by weight of the aforementioned No. 1-5 
nickel chelate pigment obtained in Reference Example 1 and the pH was adjusted to 9 
with an aqueous solution of soditam hydroxide to make a total quantity of 100 parts by 
weight. This composition was thoroughly mbced and dissolved and pressure-filtered 
with a Teflon™ filter with a pore diameter of 1 /an, after which a degassing treatment 
was performed with a vacuum pump and an ultrasound washing machine to prepare a 
recording liquid. The pH of the recording liquid was 7.5. 

[0115] 

Evaluation of saturation of printed material 

Using the recording liquid obtained and an ink jet printer (trade name PM-750C, 
Seiko-Epson Co.), ink jet recording was performed on electronic copying paper (trade 
name 4024 Paper, Xerox Co.), super-fine paper (trade name MJA4SP1, Seiko-Epson Co.), 
super-fine glossy paper (trade name JBA4SP3, Seiko-Epson Co.), and special photoprint 
paper (trade name PMA4SP1, Seiko-Epson Co.). The saturations of the printed materials 
obtained were measured with a Macbeth density meter (GretagMacbeth SPM50, Mac- 
beth Co.) and quantified in the form of C* values. Here, the C* values are numerical 
values showing the height or depth of the saturation of the image; the larger the nu- 
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merical values are, the higher the saturations are. In the case of the special photoprint 
paper, a good result, a C* value of 77.6, was obtained with this measurement. The 
evaluations were performed by methods (a)-(c) explained below. 

[0116] 

(a) Light resistance of recorded image: Using a xenon fadometer (Atias Co.), the 
recording paper (printed material) was irradiated for 800 hours with an energy of 150- 
160 KJ/rn^ and the degree of fading was measured by taking ^f^^^'^f^^^'^^^'^'f 
after the exposure with a Macbeth concentration meter (GretagMacbeth SPM50, Mac- 
beth Co ) The results were quantified in the form of AE values. Here, the AE values are 
numerical values showing the degrees of fading; the larger the numerical values are, the 
greater the degrees of fading are, i.e., the lower the Ught resistances of the unages are. In 
the case of the special photoprint paper, a good result, a AE value of 2.0, was obtamed 
with this measurement. 

[0117] 

(b) Indoor discoloration resistance (ozone resistance) of recorded image: The 
printed material was left for 2 hours in an environment of 50-60% humidity m a vessel 
protected from Ught and with an ozone concentration of 3 ppm; the degree of discolora- 
tion was measured by taking measurements before and after the exposure with a Mac- 
beth concentration meter (GretagMad>eth SPM50, Macbeth Co.). The results were quan- 
tified in the form of AE values. In the case of the special photoprint paper, a good result, 
a AE value of 11.0, was obtained with this measurement. 

(c) Storage stability of recording Hquid: The recording liquid was sealed in a Tef- 
lon™ container and left for 1 month at 5°C or 60°C, after which the changes were meas- 
ured. No precipitation of undissolved substance was observed. 

[0118] 

(2) Preparation of recording liquid 

The preparation of the recording liquid, printing, and measurement of the satura- 
tion of the printed material were performed in the same manner as in the case of tiie mk 
1 except that the azo metal chelate compounds produced in Reference Examples 12, 13, 
14 and 15 were used instead of the pigment used in ink 1. As a result, good results were 
obtained, as shown in Table 9, with the special photoprint paper When the other 
evaluations were performed in the same manner by methods (a)-(c), good results were 
obtained, as shown in Table 17, with the special photoprint paper. 
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[0119] 

Table 17 



Pigment No. 


Qah 1 Ta H Cvn 

(C») 


Light 
resistance 

(AE) 


btdoor 

discoloration 
resistance 

(AE) 


Storage 
stability of 
recording 
liquid 


No. 1-5 


77.6 


2.0 


11.0 


Good 


No. 1-6 


76^ 


2.1 


135 


Good 


No. 1-9 


67.4 


1.5 


3.8 


Good 


No.1-14 


75.4 


2.4 




Good 


No. 1-34 


72,4 


12 


4.6 


Good 


No. 1-36 


72.0 


1.9 


6.2 


Good 


No. 1-46 


72.4 


10.7 


11.1 


Good 


No. 1-48 


73.5 


2.8 


2.6 


Good 


No. 1-51 


74.7 


3.6 


2.1 


Good 


No. 1-52 


71.3 


1.3 


11.2 


Good 



[0120] 

Comparison Example 

Using a commercial ink jet printer (trade name PM~750C, Seiko-Epson Co.), ink jet 
recording was performed on special ink jet photopaper (trade name PR-101, Canon 
Co.). The printing was performed with two colors, magenta and black; beta printing 
was performed so that the printing density was in the neighborhood of 1 by tiie OD 
value. With the printer used here, the two ink colors, magenta and cyan, were each set 
at dark and light inks, and the black and yellow inks were added. Thus, an ink set con- 
sisting of a total of 6 inks were used, as pure inks. These pure inks were taken as the 
comparison inks. 

[0121] Evaluation of Printed Material 

Light resistance of printed material 

Using a xenon fadometer (Adas Co.), the printed material obtained with the afore- 
mentioned recording was exposed to a xenon light for 80 hours, and the degree of fad- 
ing was measured by taking measurements before and after the exposure with a Gre- 
tagMacbethSPMSO. The results were quantified in the form of the AE value and the re- 
sidual magenta OD rate. Here, the AE value is a numerical value which shows the over- 
all degree of discoloration of the image; the greater the numerical value, the greater the 
degree of discoloration, that is, the lower the light resistance of the image. On the other 
hand, the residual magenta OD rate is a numerical value which quantifies the degree of 
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fading of the magenta component; the closer it is to 100%, the lower the degree of fad- 
ing of the magenta component is, that is, the less the magenta component undergoes 
decomposition. In other words, it shows that the light resistance of the magenta com- 
ponent of the inxage is high. 

[0122] 

In this comparison example, the printing concentration of the magenta printed part 
had an OD value of 1.1. As a result of the light resistance test, the AE value was 15.5 and 
the residual magenta OD rate was 69%. On the other hand, the printing concentration of 
the black printed part had an OD value of 1.1. The results of the light resistance test 
were a AE value of 36.4 and a residual magenta OD rate of 49%. That is, the magenta 
component of the mixed-color part faded much more than the part printed with ma- 
genta alone. This was thought to be due to a phenomenon in which the fading of the 
magenta was accelerated by the catalytic actions of tiie otiier pigments surrounding it, 
that is, catalytic fading. 

[0123] 

Working Example 

Preparation of recording liquid (magenta) 

Water was added to 10 parts by weight diethylene glycol, 3 parts by weight di- 
ethylene glycol monobutyl ether, and 2.4 parts by weight No. 1-34 nickel chelate pig- 
ment of Table 1. The pH was adjxisted with an aqueous sodium hydroxide solution to 
make a total quantity of 100 parts by weight. This composition was thoroughly mixed 
and dissolved and pressure-fUtered with a Teflon™ fUter with a pore diameter of 1 fjsn, 
after which it was subjected to a degassing treatinait with a vacuum pump and an ul- 
brasoimd washing machine to prepare a dark magenta recording liquid. The same op- 
erations were performed except the quantity of this pigment was made 0.6 part by 
weight to prepare a light magenta recording liquid. At tihis time, the concentrations of 
the pigments were prepared so that the ink optical densities (OD values) were equal to 
the values of the pure ink of the printer used. 

[0124] 

A printing test and light resistance evaluation were performed in the same manner 
as in the aforementioned comparison example, except that the concenbration and the 
light magenta recording liquid prepared as described above were used instead of tiie 
concentration and light magenta ink used in the printer shown in the comparison ex- 
ample. As a result, tiie printing concmtiration of the magenta printed part had an OD 
value of 0.9. The results of the light resistance test were good: the AE value was 3.6 and 
the residual magenta OD rate was 92%. On the other hand, the printing concentiration of 
the black printed part had an OD value of 1.1. The results of the light resistance test 
were a AE value of 12.1 and a residual magenta OD rate of 93%. That is, the degree of 
fading of tiie magenta did not become larger even in the black image obtained by over- 
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printing the other colors (yellow, cyan, etc.). The red tinge in the inixed-color part, such 
as that seen in earlier systems, disappeared rapidly, and no undesirable behavior was 
observed; that is, a color balance was reached. 

[01251 

Combinations were made by using the recording liquids prepared in recording liq- 
uid preparations (1) and (2) of Reference Examples H above, instead of the aforemen- 
tioned magenta recording liquid, were used. As the cyan pigment, C. 1. Direct Blue 199 
was used, and as the yeUow pigment, pigment 13-3 in Table 13 was used. It was fotind 
that equally good recorded images were obtained in this case, also. Moreover, it was 
found that similarly good recorded images were obtained when the recording liquids 
consisting of the pigment combinations shown in Table 14 were used. 

[0126] 

Effectiveness of Invention 

When the pigment set, ink set, or recording method of this invention is used, 
printed materials with good fading resistances are obtained in both the mixed-color 
parts and the light-color parts, and bright recordings can be obtained when the re- 
cording is performed on ordinary and special papers. 



Continuation of first page: 



Inventor: 



F Themes (Reference) 



Tomohiro Kayano 
Mitsubishi Chemicals Corp. 

1000 Kamoshida-cho, Aoba-ku, Yokohama-shi, Kana- 
gawa Pref . 

Tomio Yoneyama 
Mitsubishi Chemicals Corp. 

1000 Kamoshida-cho, Aoba-ku, Yokohama-shi, Kana- 
gawa Pref. 

2C056 EA13 EE08 FCOl FC02 
2H086 BA55 



4J039 BA04 BA38 


BA39 


BC29 


BC33 


BC39 BC40 


BC42 


BC44 


BC50 


BC51 BC53 


BC54 


BC55 


BC59 


BC64 BC65 


BC71 


BC73 


BC75 



BC77 BC79 BE06 EA15 EA16 
EA17 EA19 GA24 



a9)0*gl«#»ft' (JP) (12) Vg. H ij^ 1^ Vgj ^ (A) 



iimmmmm 

#112002-371213 
(P2002-371213A) 

¥^14^12^ 26 0(2002.12.26) 



C0 9D 11/00 

B41J 2/01 

B 4 1 M 5/00 

C0 9B 67/22 



ssmm 



F I 

C0 9D 11/00 

B41M 5/00 

C0 9B 67/22 

B41J 3/04 



E 
A 
C 

lOlY 



r-ta4*(^) 
2C0 56 
2H0 8 6 
4J039 







mm m^ami ol (^54H) 


(21)fflii*^ ^f®2001-182134(PZ001-18Z134) 


(n)(BSA 


000005968 






(ZlOmSiB ^j£13^6^15Q(2001.6.15) 




























asm mk 
















mfmA 


vmsm 















(54) [^9lffl«ri»3 fesR^yh. -iyif^yhMUzfm^^ 

(57) mm] 



(1) 



mil 

(SCI', Xi H:i>)fe< it>loro5 



-1- 



(1) 



•CV^Xt>AV^o All JiTiB-^^ (2) - (4) t^h 

al±0-6 0!lic«r^to ) 
Mb 21 




;i ^ ^?$m^1-§i8*« 1 icia^o^^-fe 5^ ho 
[f&*3®3] -fi:^ (1) lc*3VNT. Xi Sr^tpffiiR 

[IS*S4l tSIB-fla:* (2) (4) {C:fe5VNT. Y 




[IS*«5l strE-iK* (2) - (4) \Z^\i^X. z 
v:i?/v^=:/vS. :i;/V'3|f:¥i^/vS. Sm$tbrv^rt>i: 

^fS^^i-'4 0V>-fti;d^2:|B^cofe^"feiy Vo 

m^mi -jss (1) te:*5v>-c. X, ^^tsmm 

Mb 31 



(Rife 



1 



(a) 



-2- 



^•r. ) 



(S' ) 



[fl*«8l Ari*STiS-«S; (5' ■ ) -C'^* 

[{b5l 



(5") 




CRj)(r 




C6) 



01 (1) Jcjsv^-C, Xi Sr^trffi 

mm\ Tia-«ia (7) -e«s*i-srfc«f'l#»i:i-5 

lft7l 



{7> 



:£fcr±sm**i'-cv^r'bJ:v^ry-/wf-:^s 
^m^s. Tia-« (8) -e^s^^s;lfc^#m^:•rs 

IW^^l 3] -f3in-fe^ri. TIB-«^ (9) 
(12) i?^^tbSjb-&W^e>^fftu6^i^*<it>lS 



-3- 




( 10) 



(11 ) 




tav\ ) 




RY4 RY4 

Mr- 




(13) 



RY4 



(12) 



'bfiv^ ) 

ISI*^1 4] (9) (1 2) (D#^lC*5V^ 

5] i^rym}t. Tia-ffi:* (i 3) - 
(14) 'v^ifh^it^^tt>bm\'£fi^cs^ti:< t^im 



(14) 



[f»*«l 61 (1 3) (14) 0#*lC*5 

V^TR^^ R^2o^I>*<fct>t>i:o;d5. /^a'/:/M'^^ 



-4- 



9] -fyv^^m^T^-m:. (15) 



(16) -e^*^^ ^>-iFrt{c/>7S<it>H@m±«^il* 



0_M-0 ,o„j^, 



(16) 



ir^ti-o B' «->«f(Z>B' riP-T? 

ffiSr^:srtt)t?t. ^om^. mt-m^ (lo * 

B:S$agfe#fc-rSS^{c^3tt5T/SSrl**A/'T? 
[S*«2 0l --iSS; (1 5) - (1 6) o^^lciis 

^&mt. -m^ (1) -e^$tb5T/*fe^^ 
■fey 

[»*3g2 2 ] fS*« 1-21 (D\,^rM^X>tr>Km 



1 25.152 l<DV^ri^^^^:E«o•^€:/^fi.^^s^^^^ 

[000 1] 

[0002] 

t^mim<ommi:m^^^m:t9 y^:^fi^bmm^^x 
^tix\i^^o z,<ow,mmmvx^. m^^^M^moF 

PC l-fi^-fy ^wN-- atfT) ffliffi. yrv^- 

/>K^ i::^y^=^-^-^(Dmm^m) ^(o-m^mm 

<mm^t<y^VVX\f^^:::tf}^m-^^fi^t^\c, IB 

gbffii: i.x(D^^m<D^&m^mtix\^^^:itf)^^s^x 

[0 00 31 l2®?gffl(D^J|s[-^cBit"CI*. ±IBOj: pJi 



-5- 



[0004] ^-iJ^ y MS^*fetC*3V^T. 

y/V;?7 7-B^^J^^t-Si-». (Y) . 

(M) , vry (C) 0 3Mfe^ ^vMirHlJ::/^ 

(Bk) ^M^±4&<0-^'^^^^^1'^ ^^(04 



[0 0 0 61 *ai|tffF6.0 5 3,9 6 9#t^mJ- 

d:.b. 'T-€>'^feig*5:fi-sJ:iBbfci:5ftffi&H«t^ 

^^ttowstciMbritWisa^tu-cjse.'f. 

[00071 

5/ H3&*fetwJ;!9:7>rvjt;7-^^byc:*g-Hi. 
[00081 

mit^^ t ^myiim t ©r y- h it^(^xh^^m 
^^:xny]^ti.xrw.-m^ (1) xm^ti^ry^ 

So 

[fbi7l 

j^^^^^^iW CD 
[00091 {-m^ (1) lt4>^t^l-^>^^<^t>Hi 

Sigil^oS^S-CfeSo Xi S:-&tf^^S«:1i^S-t<J^ 

m^\^xm^mmf$.\^xh^\^\ x^ 

SM^*tbXv^•C1>fi^^ All. J*Tia-«S^ (2) 
- (4) t^bmitMi-yf-^^m^^Iro Y, \t^y- 

S&^U allo-e^DlE^^r^t-o ) 
[OOlOl 

[{bisl 



-6- 



(2) 

[0 0 11] :^mm(Dm(Dmm\t> ±m&M'^i!^h\c:^ 

[00 121 

brt. ■rifyiJ', ^rcn-, vryd^ 

--h^^i*. WIB-«^* (1) -e^^h.sr:/^^b^^ 
mc^&'t^t. 3ooJ5i±> 2oooe^TmiEcot>(7> 

;55^*U\ (1) i:l*5V^r. Xx fis 

ifV^i^yMs r^yi^yM. ^y/'fT/-;i^. ^y 
6o ^-Cfc. Xi ^^t?m^^:^5^^^^/^^i-^^ 

[0013] X 1 ^^t^m^Mim^m^i^ i m&.±o 
/US (^^L<{*K^^6-i oory-z^s. 

T/uti^um {»^U<li:^^IS:l'-6(Dr;i-=idrv^ 



(3) (4> 

\fST/>:=^^-y:^/^^^/^M m-^ t < rtj^^s: 2 - ? <d 

{mi^r'fe^/i'S^coK^^2-io(Dre^/V'S 
^/S^) . =.hnS, /^xiffyWPt mk^A^W 

Sl--6©r/l"3(r;v;;^/i/2};c:i/WSS?) , *fcfi^::ti'T 

[0 0 14] tl5-Ct> -lasft (1) l-*5V>X. Xi 
tflS^S:i5-fgg-.^^ (5) - (8) t?^Stt54fe:S'^ 

(00 151 

[ft;i9l 

[0 0 161 Wt> Ri \%'E^^\^WloX\i^X\,%, 
S, ;t;/V7K=3ri^/vS. ®giS^xXV^-Ct) J:v>;^7/w^^^ 



100 171 
[ft2 0l 




loo 181 Ri ^±l:V^^^:^J^^oTV^Tt)A 

ir. ) 

[00 1 9l 
[^b2il 




[0 0 2 41 (1) fC*5ttSAri «ft 

(2) (4) x^i^fi^-ty^/^^xh^ . 



[ 0 0 2 0 1 (^^s Rg ^'il:V^ICS*oTV^T^>& 

Ty-/i^:^SSr^U Rs blc'^rv^-zv^i ^ 
^-To ) *e^^t<f*Rs ;05sai$*a'Xv>rt>«fcVNr/v^ 

/V'S-efeS®^. e = 0T-Rs:d5igv^S^. fcSV^I^R 

(0 0 2 ll 
[{b2 2l 

[0 0 2 2] (^*. Rfi It^^lS^. eife^*l.TV^T 
v^T/^'^^/^;^/V23^n/^S«r^-ro ) Re ^^^e^^U<^i7K 

[0 0 2 31 tsiB-ss:^ (5) - (8) vm-^fi^mm 
mo oh. ^^^u<l*-/8^ (5) *x?^$tt5^^t// 
-jmxh^<oi!imi^v\^\ mc. (5) ^si^ t 

[{b2 3l 



(5' ) 



urns 2-^h*n^i^3ih^i^m^) . 

[0 0 2 51 Wia-K^ (2) - (4) ICiSftSZ, H: 



[0 0 2 6] Zi f^. »tL<t:i?&/^2j^^i>'/l-^> 

^ (2) (4) -CS^tt§-^:7f";i-S«^5t>> 
(2) ^fz\t (4) ;6WtUv #{^:> Ar,;65TIB- 

(5' * ) r^$tu^t>(D;d50SlcffiV^e)H^p 
Mb;2 4l 



HQ 




(5") 



[0 0 2 7] :^?^m\c:is\^x (1) -e^*i^^ry^^b 

m (I) > T/V5=:^!:^A (III) , ^ (III), -fery 1>A 
(III. IV) . n/<;;Uh (IL III). iJ^nA (m)> ^ 

(I. n) . oLi^ntfi^A (III). ^ (II. III). ;ify 
(III). -5^/1^= 5^ A (iv) . ^yi^^A (III), 
yytj'x (III). in) . ^v^f^ (n) . 

(II) . fi^ (II. IV) . (II. II 

I). fVf^^J^ (II. in . IV) . TsiiV't^^ J>. {II 

I), -ir^^ (IV) ^ (III). ^^^^ (IV) . 

^yV (IV) . M«S (II) > ^:?^/W=i^!>A (IV) ^3&5^ 
lf6>H5p $f*L<J*ny^;i- (II) . =i/^;Ph (11. 

Ill), ffl (II) >6weti.5o ^w^m^(nm^\m\^'^ 

^iB«0^^:^*Vi:U-C«:CI"" . Br"*. CH3 CO 
[0 0 2 8] *Be^-Cffiffi$tl^fe^ftSliSM<0^* 

jar/^^/^r ^ -yikx^unWi 2-4 or^^^ uy-r ^ >- 

[0 0 2 9] i^fc. *»?gt?<$ffli-5fe^o«jg{2::fevv 

[0 0 3 0] 
\»\\ 



-9- 



S - 1 



no. 








1-1 






wet* 6135^ 


1-2 








• 1-a 

















[00 3 1] [^2] 



-ID- 







111 A>*- 






H 






1-6 ; 


yt ■ 














1-^ 









100 321 1^31 



-11- 











I-© 








1-10 








1-11 






8BzP 


1-12 


■ 







[00331 [^41 



-12- 



^-1 i-o^^) 















HO S0(3tfe 




t-13 


. H 






1-H 








1-15 








1-1C 






• 



[00 34] 



-13- 



g-1 .(o-Jt) 











1-t7 


^^^^^^^^^^ 


^^^^^ 




1-18 


"DO- 


secret 




1-19 






)GC^- 6H2O 


1-20 









[00 3 5] 



-14- 











1-21 








1-22 


en. 






1-23 








1-24 









[00361 1^71 



-15- 



^-1 (o-J#) . 



Na 








1-25 








1-26 




OB, 
^^^^^^^^^ 


B&bO 


1-27 


CB=CSC% 






1>28 









[00371 1^81 



-16- 







-Ar, 




1-29 


















<r 

• .rS« 










HQ JSpj>to. 




1-32 


<X 

HCC»«Bj 






1-33 




^^^^^ 





[00381 9 1 



-17- 



NO. 


tr 


' -An 




1-34 


NC [j . 


HO 


^SOaNa 


NiCh-SHaQ 


1-35 


HO H 


HO 

SO^ 


CuCl2.2H20 


1-3B 


Kirk M 

NC PI 


HO 


\ 
/ 


NICI2 -61120 


1-37 


NC N 
H 


SO^a 


\ 
/ 


C|^12 • 6H2O 


1-38 


IV- 
Nc ti 


SOsNa 


N1C12-6H20 



-18- 



S-1 (o^t) 



NO. 




-An 




1-39 


T 


HO ^CQzNa 

V/ 

SObNa 


NiCl2.6H20 


1-40 


NC N 


HO ^cONH-Z^-SQaNd 


NiCl2-6H20 


1-41 


NC N 




NiCl2-6H20 


1-42 


Kin N 


HO CONH-^"^SOaNa 

— \__y scyte 


NiCl2.6H2f) 


1-43 


NC M 

IV 

NC H 


^COi^a 

HOLvCONH-^^ 

— CQaNa 


HiCl2.6H20 



-19- 



NO. 




-Art 




1-44 




HO 


KiCl2.6H20 


1-45 






NiClz-SKzO 


1-46 


Tv- 

H 


\} 

SO^HCH^zNa 


NiC1z-6HzO 


1-47 


NO N 




NiCl2.6H2Q 


1-48 


NC H 


HQ,^ 

M 

SOzNCCHzPOaN^s 
J fitei al 


MiCl2.6H20 



-20- 



1 {z>':5^) 



Na 








1-49 


TV- 




Riirjf ^ . ft HnC^ 


1-50 




HO 
O 


NrCfa • 6 Hsp 


1-51 




HO 




1-52 








1-53 






NI{CHgP€X^2 

• 4H2P 



-21- 



Ha 


o 






2-1 








2-2 


V ■ 

a 






•2-3 


E 






2^ 









[0043] 



1^1 41 



No. 








2-5 


H 






• • 


a 






2-7 








2-a 









[00441 1^1 51 



-23- 



Hot 
















^•1o 









-24- 



Hx 




4_ 




3-1 


- ' 






















3-3 






3-^ 









[0046] »17l 



-25- 



















3-6 






tGC3i<6BbP 


3-7 








• 









-26- 



^-3 (odft) 



NO. 




-An 




3-9 


CHa 


HO sOaNa 
SQaNa 


NICI2.6K2O 


3-10 








3-11 




HO ^SQsNa 
SO^a 


N1CT2-6H20 


3-12 


s 


HO ^cOaNa 

-A/ 


NiCl2-6H20 



[0048] 1^191 



-27- 



a - 4 



Ho. 






BCI^lU PI isCi 


















■4-8 








4-4 









[0049] [^20] 



-28- 



























4-7 








, 4-B. 









[00 501 [«21] 



-29- 



S-4 (o-:JS) 







■ -Ac, 




4-9 








4-10 








4-11 








4-12 









[0051] 1^221 



I 



-30- 



a-4 (cj-rJt) 



NO. 




-An 




4-13 


s 


ff 

SOaNa 


NiCl2.6H20 


4-U 




SOsNa 


NiCl2-6H20 


4-15 


N-N 


HO 

SQsNa 


NiCl2.6H20 



[00521 [«23l 



-31- 



No. 


A- 




■** 4JW 










5-2 


0- 






5-3 








5-4 . 









[0053] [1124] 



-32- 



NO. 




-An 




6-5 




OH 

SClaNa 


N{Cl2-6H20 


5-6 




HOeo^a 
SOaNa 


NiClz-GHaO 


5-7 


Nap^ 


HO ^SO^ 

SOoNa 


NICIz.BHzO 


5-8 


NaOaS 


HO 


NICIZ.6H2O 



-33- 





■ \j . 


-All - 


mmmmt tw liv 


6-1 




• 




5-2 


■d- 






6-8 








6-4 ■ 









1005 51 ' 1^261 



-34- 









1 


6-6 








6-6 








6-7 








6h6 • 









[0 0 5 61 3|c%M(!:*5lt5fe^^=-y hfci-'^'^'i'^ 

a: (9) > (10), (11). {i2)-c^*ix5fe 



'bS<, ntiiXttzfeSei", ) 

[0 0 5 71 
[{b2 6l 



(B) 



-35- 




»Y2 



(10) 



^Y2 R" " 

(*«|'R^^e, *^lf^F. /^a'>'ylf^^. [0 0 5 81 



[{fc2 7l 




RY3 

[00 59] 
[{t;2 8l 



T J'* 



rY4 



(12) 



fc^vv ) 

[00 6 01 (9) ^ (12) ^D^^^Ci3V^-C. 

So *-et>. -m^ (9) (12) ^c|B^turv^^r 

-j^. . -JR* (9) - (1 2) {tiaSih.TV^-6r>^S 



(11) 

i:LXfflv^bttSo Ht-. -/S^ (9) . (10) {CIS 
[006 11 i:it^ofe^oflr*^^fc UTtts 

C. I . r^^'y M^^^^l 7 : 1. C. I.Ti^i/K 
^:aii3-2 3. C. I. C. 

1. rV-yM^^3— 6 5, C. I. rVi/M^n— 
10 4. C. I. Ti/y K^^t'-l 5 5. C. I. T 
i^^'hV^n-lSS. C. I, rS/^/K-r^ti-l 9 
4. C. I. ^r^Uir h4:^r3^S6, C. I. 
^l.^3in-106, C. I. ^^>f V'^ h-^^n-l 3 

2. C. I. y-fU-tJ^ h-f:^n-l 4 2. C. I. 

ix^ f-Y^ci— 1 7 3> C. I. l^^ h^^^^l 
9 4dW6>*^5<, 

[0 0 6 2] JEIC. (9) (1 0) tcMJSI- 

[ (A-N = N-B^-NH-) n-R] ({E 
U n\tlX^2) -e^U (1 1) (1 

7Rtm8ic^i-o :^mmo&m\ty ztibit^brntm 

[0 0 6 3] 
[^2 7] 



-36- 



[00 6 4] 



[00 6 51 



m 7 




(a-N=N-b1-N H^j^R 




(nsl3U*2) 





A-1 A-2 



A*3 A-4 
.SOaH 



o- '«^<y c- Q- 



HQsS 
A-5 



A-6 

. moc Hoocr 



A-7 



KOOC 
A* 8 



A-9 
KO3S 



A - 10 



A - 11 A - 12 

3H 





A - 13 



HO3P 



SO3H 
A - 14 

HOOC 




^ 7 (orJ*) 



(a-N=N-b1-N h)jjR 
( n= 1X142) 



Bl.1 B'-2 



Bl - 3 - 4 



^ "'^ 



OCH 



B . 7 - 0 

CH3 /OCH, 9^ 



HgC H3C OCJ^ 



-37- 



^ 7 

(a-n=n-b1-n H^R 

( n= 1X1*2 ) 



R<owa^ - 

R-1 . R-2 R-3 R.4 





-39- 



m 8 ( 'p-Js) 



B^. 1 



B2. 2 



8^-3 
H3C 




■COOH 




82- 6 B2- 7 

H^C^ Hfi^ H/:. 

a- 




H3C 



J„ — -SQ3H 



0 6nc, 




HQ, 



[0 0 6 81 3^3g?iofe^a5^5' ftbrovry^,^ 

3) , (14) -tf^Stt/^-fesS/^WffiJ^ffiV^^tuSo ii 
g", 5^^1:5 0 0 OB4To>t>ff>!55Sf*^<- *;&^'et>4J' 
^aa 0 Q&s±^. 3 0 0 oj0lTS*^t><^3&^^^<^> ^ 

-jgS (1 3) ■CS*n5:7^nVT:^yfe^r± 
«3tS^ttj6^^»*<^"^»5i'CfeS^^ (14) 

100691 
lft2 9l 



R?l^ PCI 




(13) 



[0 0 7 01 

[ftsol 



-40- 



(14) 



t>^VN„ ) 

[0 0 7 1] (1 3) ~ (1 4) <0#5^{;l*5V^ 

tr, R*=^fi:iWlx«. :^7>'^:«J<^V;i' 

fl^o (X3) fClB^JXifelR^M-OVNT 

^ 9 ; 



(1 4) {dlB^Hy^iR^^I-oV^rit. m^^s 
C. I. Ti^j' K://^— 9^ C. I. ^^U^V:/;}^ 

86. c. I. ^^-n^^h://i^i9 9. c. I. yr 

i^'f^':f'ffV-^.l. 11. 14, 15:01. 1 

8. 2 1. 23. 25. 3 5. 38. 4 1. 48. 6 
3. 7 1. 7 2. 7 7. 80. 8 5. 9 2. 9 5. 1 0 
5. 107. 118:1. 123. 124. 136. 1 
38. 1 40. 1 43. 148. 1 5 2. 1 53. 1 5 

9. 1 74. 1 9 7. 20 7. 2 1 5. 2 2 7. 2 2 

9. 2 3 1. Xt*:i^xe)Oj!n3*i5^SPfe. fcSv^»SSSa 
cD^jg;^^^ 9 1 0 lc^^^x6fi.^:65^Jf ^iT'S 

[0073] 
(^3 21 




Rct-1 B«.2 R*^-3 

"SO3H -"SQzNUi -S0teNH(iH4OH 



R«-5 



-S02NH-^KSQ2CHCH2 -SO2NH-0- SO2CH2CH2OH 



R«-8 



Ci 



R'^-7 

-SOaNH-Q-NH-^NHj 
OH 



R«-9 



-SOzNHf^NHTf^ -SO2NH- qH^-NH V^yCI 



RC^-IO 
H OjC««^) 



S03H 



-41- 



[00 741 



1^331 



^10 



1 










^ («) 










R^^'-l RW.2 


RM.3 


"N{C2H5)2 


R".5 R«'.6 R'^-T 
„^C2H5 -sOsH H (^mf-) 




X - 1 X- 2 


X-3 


X-4 X-S 


-SO3H -OH 


-CHj 





2 0 0 



6) -e^$i^5fe^3654#^^:»ii^cffiv^e>^^^ ^(O^J^^ft 



[0 0 7 61 

[fl:3 il 



>(OH)m 

feSV\ mfiO'-l. nltO-'S. pt*0-'2. qttO 

0— M — 0 



(15) 



[00 7 71 
Hb3 2l 



Cir-e-^^ (1 6) \ti^'f^\^\c<}^^s:< thl@^± 
rv>T1>^V\ m' \t0^1s n' {±0 — 3^ p* FtO 



^i", Mi^3j^eii±oiaffi^^:5;::^l5i?t> ^^^^ 



-42- 



10 0 7 8] (1 5) - (1 6) <D«•*tC*5V^ 

10 0 7 91 (1 5) tC*5V^Tr±, mW:l"CfcS 

tJ!R®^l*a&JC*miS-^. g«^$tirVNT^>SV>7:cr: 

So 

[0 0 8 01 (16) Hl*5V^Ttl. m' i^OT* 



l?fe6l30;65#|;!:ie^^U\ q* ft0-'2"T?fe§%O;65 

j:9&^b<^v>p>*i.. q' t'^Q'^x'vh^m^. mz. 

q* B' -T?^*ti.fc3S^l^]SJt>^>'V'^£^ 

3?##tt;^/^^>S. :<7/V'/i^^¥i^/^®. ®ife^tbXv>T^> 
C4T/^3:J^i/£, rir^r^/S. gmr/i-:^r/v:^>'i- 

2^j.Ai(om^. -wc^ (1 6) jcmi^^ffi-rsB' 05 

Cx-'C4r/V=^/WS. B^^tl.TV^X^g:V^Cl'-C4T 

h^iiOtK c):?)»^U<fflv^e>^^5o 
[008 11 urfilRl^rf. 
C. I. y—Y^yy^ 2. C. I. Vzfyv 
i5^19, C. I. ^-ri^^ h7'7^;^i^^ 1 5 4. C. I. 
^^u^Vf^yi^l^b. C. I. ^-fu^hy^j' 

(1 5) xtj! (1 6) xsstisy^j'^^fe^offi 

3g«rS&9lf Sfc«?tJ:#>«feilT<??A (1 5' ) 5ttK (1 
6' ) -e^t^hp 

[0 0 8 21 
[ft3 3l 



(15*) 



{ A-N-M%4B-N= 

imm-^^m't^'fy y ^^*t\.X\t. ^ (1 5' ) 
^;::|3V^TSf«L<B:nltl'-2•Cfe!Pv nt^2(Om^h 
ttl^--et)S*oT^^^T%Av^o X* (16' ) 



iPC (16*) 

2 c^ii^ B ft t? % S^ifc o "C V ^T t> & V \ 
[0 0 8 31 
[^3 41 



-43- 



s 11 




[^3 5] 



m 1 1 

A-N= N-eS-N— NiirC 




B.4 a-8 B.« B-7 

6^ 6^ ^ 

i> o o 



[^3 6] 



m 1 1 h^m 

A-N= N-(-B-N=Nl7rC 



C - 1 C • 2 




[00861 1*371 



-45- 



[0087] 



g 12 



A- 1 



HO3S 



SO3H ^^SOjH 



A. 9 



HO9S 

A-T A-8 




A « » A « 10 

HOOtT^ HAP 



A-11 A-ia 





SOgH 



S03H 



[^3 8] 



^12 i-o-^m 



.M 



(A-N= NiiniB-N=Ntn"D-N=N-C' 




B-2 B-3 





SOgH HO3S' 

8-4 B-6 B'B . B-7 



O- -0- ^ -C 

. CH3 OCH, 

8-6 8>9 B-10 

-0- ^ - ^ ■ 



OC2H4OH 



D-1 D-2 

0- 0" 



D - 5 




OCHj 



D - 3 

0- 



D-4 




00% 



-46- 



[008 8] 



s 1 2 ("orym 




Cf-7 C?-8 




[ 0 0 8 9 ] ^ 1 3 {C. ^^mmo&m-^ y h {m^C^-^ So 
U<fflv>e,tuS-<3in-au!y^ y [0 0 9 0] 



-47- 



g 18 



13-1 


O 

M^NcrN-Q^N^l]^ COONH4 

000^4 




pcHa H3C0 


13-3 


803N« NHC2K4OH 


13 - 4 


8O3NB 


13 -S 


COOH 
OH 


13 - 8 


OH 



[0 0 9 11 



-48- 



13-7 




eOjNa 


IS > 8 


H^NOOC 




13-9 




13-10 


0CH3 


13-11 






13 - 15 


Q 




13. IS 


OQ2H5 OH 


13-1^ 


Q 





[0092] [^421 



m 14 



















1-5 


1 3-2 


CJgDimt Btael9P 


13-9 


1-6 


13-4 


CXRcactiye Blue 63 


1 3-7 


1-9 


13-1 




1 3-8 


1-34 


13-4 




13-10 




1 3-6 






1-36 


1 3-6 


CXRncfive Bliie 14 


13-1 0 


1-44 


13-1 




13-1 1 


1-46 


1 3-6 


CXR«flC(ive m&e 231 


13-14 


1-48 


13-5 


amkcct BlBel99 


13-13 




1 3-4 


CXAddBlac9 





* 1 4 ^^v^<r>\^^-^ o . Its 1 6 [00931 :^mm(r>'7'^y^&mt. WMmi^r ^ / 



-49- 



LT-^tf-e 0 . 1-10 Sfi%> U < 
X\to. 1-28^%, »*L<**0. 1-1. SSI: 
43v^T«:> Bffie-jss: (1) -e^^^xsfesit. :&JS7C 

tt. ia®S^'?{-i-5SS:%SSo©l^"efc^o 
[0 0 9 4] ^fc. ;$:B?^t?^i2^i:?S (-r>'iJ^) (c^t/^e? 

ai^U^^i/y a-yl' (SSWi^^SKll 9 0-4 0 

0) . :/y-feyv. N-^^;^fcfi3 y K>'x n-^i^/i- 

[00 9 5] >^^igoE@:ffi{C, ^(D^filC^ VX 0 . 
l-10mS%> ^f^L<r:3:0. 5-5l:l:%oS^> 

•g-^^^flUTtO. XO. 0 0 1-5|IS%<D#®?§^ 
[0 0 9 61 hJi. ±120^^^^ 

[00 9 71 



[00981 [##*9-I] 

I. ^momm: (D 

7k206mK 35%i[K20mK 2-r$/-4, 

s-s^e/ry-r^^y-zn 0. ogo^^iri^aiu 

S-lO'ClC'CM^-f hy!>A5. 5g^*:12inl 

[00991 ^/i^yr^ ymxmm(ommM± ^ y c^i^ 

!>A2 7. 5 g^*2 8 4in UCS? 
m^'t. 0-6t:trTNaOH7K^ffi-epHS:8, 0- 

9. oi::«U3fe;&5e>ft(Di;^Ty^ts^jiTufco ^v^it 
mm^i^^miSL. ^m. ^rnvxr^mA (ld tc^ 

i-{k'&«r3 4. lg«r#fco 
[0 1 ool 

[ft3 4l 




ai) 



[0 1 0 1 1 2 : ^M^V— hfe^<0^J5^ 

m^m 1 ) ^ y 'iryvdf. i^w^ h &m(omm 

ffl^ (LI) or/fe^3. 0 gK:*4 5ml**n 
NaOHTK^^-^pHl 0. OimmVl^mi'^ 
±o Mfc^S'^/^ (11) 6*^fe0. 7 2g/7fc7ml 
CDg^Sr^l 5-2 5t:-C}jSTLfco R^S'I'. NaOH* 

mmxpH^B. 0-10. o{e:«Lfco :e^f:-^hy 

h^-'^lZykA 5ml «r*DA.5 0-5 StJ^-T^iBlftUT 

si-zn 3 om I Vrm^^mis ^j!iu-c^- 

1, No. l-5<0:=-y^JU^\^-h«:.^l. IgSr 

mito mhfiit:^-'^ ^jv^ y- V ^m<om<wmM: 

(tKI^) ft5 2 9. Onm-efeofCo 

[0 10 21 (##«il2) 
filst^ (L 1) Or/fe^l 0. OglCTKSOOml^ 
:^JI3X.. NaOHTfc^^-CpHl 0. 0{;:«U 
"irito (ID 27K^^1. 7 3g/7K3 3m 

1 OS«%?gT s N a O HtK^IS P H «r 

9. 0-10. 0{C«Lfc„ :^{b*^hyi'A2 0g«: 

SrJfilft. teJgUTS- 1 . N o 1 - 6 (?Dffl^r 1^- bfe^ 



-5(H 



5. OgSr#yfco #6tbfc^=^f-^-hfe^<^S*KiR& 
fi (Tkl^) 1^5 4 4. Onml?fcofCo 
[0 10 3] (^#«3J3'-19) ri^/^ywdrU-hfe 

^^mitmmoijm\^xm-i<oi^o. 1-9. n 

o. 1-10. No. 1-14. No. 1-15, N 
o. 1-34. No. 1-36. No. 1-38. N 
o. 1-44. No. 1-45, No. 1-46. No. 1 
-48. No. 1-51. No. 1-52. No. 1-53, 



^-50No. 5-5. No. 5-8. S-6ON0. 

[0 10 4] Ztlb0^l^-h&^<D7k^\Ziio\f^m± 

fe^^tO^-t<07K'=l'{-*5tt6S*:K«tiSS«:TiaoSl 5 

[0 105] 
[^4 3] 





ft5»No. 




fir- 


No. 


1- 


5 


5 2 9. 


0 




No. 


1- 


6 


544. 


0 




No. 


1- 


9 


5 2 1. 


0 


»#W4 


No. 


1- 


1 0 


5 2 5. 


5 




No. 


1 - 


1 4 


5 3 1. 


0 




No. 


1 - 


1 5 


5 2 8. 


5 




No. 


1- 


34 


5 14. 


0 




No. 


1- 


3 6 


5 18. 


0 




No. 


1- 


3 8 


5 2 8. 


0 




No. 


1- 


44 


5 1 7. 


6 


#%^1 1 


No. 


1- 


45 


5 2 8. 


0 


j^%t5?J 1 2 


No. 


1- 


46 


5 12. 


0 


^%«^1 3 


No. 


1- 


4 8 


5 13. 


0 


##0iJ 1 4 


No. 


1- 


5 1 


5 2 1. 


0 


#%^1 5 


No. 


1- 


6 2 


5 19. 


0 


i^#«a 1 6 


No. 


1- 


5 3 


5 17. 


0 


^nm 1 7 


No. 


5- 


5 


5 7 7. 


0 




No, 


5- 


8 


5 6 2. 


5 






6 — 


8 


5 6 3L. 





[oioel^fcNo. x-ZAoy-^y^:^^^ V)^\t^\^ 

/V (JEOLtfcK JMS-70a) Tail5£b3?hp ^tT 
in/e = 7 9 1^aaiU ^.tltm 1-3 4(^ 

mk : rvmt-^m^ i : 2m 792 ss 

Ni) ^-S:U;fco 

[0 10 7] mnm2 0) hfe^eO^M 

^nm2hwmo')im^x^-\(o\i\o. i-3 5<D«a 

i^W^^^ (Tk^f) 1^5 4 9. 5nra-efeofc, 
[0 10 8] II. 'fe^OSiat (2) 

2-T^/^T>^-/V«BeS2. 9 6g(2:il^4 0m 
1. n-yalf:^-Vggl Sml^^AnU -5t;{C?&*P 
Ufcp 0— StJ-C^^T^ ^hntz/l/KSe (4 3. 8 
%) 6. 4g^». }Sl$LT^:^T>^?«&#;/ho 2-^ 
yh-/^-3, 6-i^;^/V'5i^>'Kr:-:^hy e'A7. og 
^&*:7k3 0 Om 1 \mmL±'¥\^^\cn±^JT:/m^Wi 

mVfto 5t:^Tt?2 0%NaOH/jC^fS^m*nL. p 

[0 10 9] '^hiifc^:nry h^-^^Mm^W^L 
(^Mi. 2 0 0ml) . NaOH7KS?SK-epH^9. 0 
\cmi U. y :/n tf/vr /W:!-^^ 3 0 0ml SrUD*.. 



y&m7. 4 8gSr#;fea 
[Olio] 

[{t;3 5] 




CLE) 



[0111] 2 : ^JS^V- hfe^<0^fife 
32 1) ==.y^/P^U-h'&§ 
(L2) (Dfe^. 1. 5 3 glC7K4 bm 1 ^:(ni 

X.. NaOH7KS?Si?pHl 0. oic:|^SL^^$-\i: 
fco 9:\cmt^r/^/^ (II) 6;7K»feo. 792g(Z>7k 
S^Jg^JiTbyh. SJts^.m^XpH^S, 0-6. 0 

-/V'8 Om 1 ^icsjcs?eesrip;t. tt'fflisi^^asiv 
^ y e/ur/^=»-/i-= 1 / 2 sag 

U"C^-3. No. 3-10=5''i^/^=^^'-~hfi^l. 
6 3 g Sr#:fcp # e> y h fe^oS:^® 

JlXiS:^ (tK^) 1^5 4 5. 5nm-efoofCp 
[0 112] (#%^j2 2-2 9) c^^s/'Jr/Wr^rU-h 

##^2 1 tl^^{i:Ur^-2CDNo. 2-6.^-3 
<DNo. 3-12. ^-4(DNo. 4-1. No. 4- 



-51- 



2, No. 4-15, ^-5(DNo. 5~1> No. 5 
-2. No. 5-3C0=y^;V:^l^-hfe^^$ltfiL 

6 



[0 1131 

m4A] 









2 0 


No. 1-35 


5 4 9. 


5 


2 1 


No. 3-1 


545. 


5 


#%^2 2 


No. 2-6 


5 2 1. 


5 


##M2 3 


No. 3-12 


5 54. 


5 


^#M2 4 


No. 4-1 


5 3 1. 


0 


#^{|2 5 


No. 4-2 


5 2 7. 


5 


##M2 6 


No. 4-15 


5 2 7. 


5 


^#^2 7 


No. 5-1 


5 0 4. 


5 




No. 5-2 


5 0 7. 


0 


!g?^M2 9 


No, 5-9 


5 8 1. 


0 



[0 1 141 m^m-i I] 



o. l-Bi^riy-^^/V^l^— h-fe^S. OWMMK^^i: 

1 0 om&ut v±o :i(om&m^%^\cm^vx 
^mx.x'^mL^mmx.tt,^ imw.<ovm%. 7. 51? 

(^p"o«PM-7 5 0C, -fer-f a-aiyyvtfcMp'?!) ^ 

fflV^r, m-^f^^^i^fflJffi (Bi.iS4 0 2 4«. •^njfij^J'i 

PI. "fe^'=t-3i7'y>'?fc®i) , >^-/'<-:7r-Y>'i:ffi 

{fflp"««MJA4SP3. -te-f 3-3::/y>'tfc 
») . ^ffl7;t-hyy^^h« (SB"a^PMA4SPl, 

^'^>^-<;^SPM5 0. ^^^--<;^ttffi) {crffllJ^L. C 
fco ^fcTIB (a) - (c) (0*-fettJ:5MmiBtrtTo 

[01161 (a ) EifcWlfeOH^tt : i^r-fe/ ^7:^:- 

P;^_jjr^ (rh7;^thSi) Srfflv^, isii^ (mm 



\ZMM^^)^^—\ 5 0—1 6 0KJ/m2-C8 0f 

(j?'v^i/-r:?^-^;^sPM5o. ^^^y^afflf) {crai 

l;:J:*). AEm2. ,o^coa»4jt:ftSr#fc, 
[0 117] (b) IB«|:ig«^iO^!^3^3lfee 
m 1 5g*^Hfc:^WJgS3 p p m(DW\^\cm^^^ 

MS 5 0 - 6 0 %(om^Tx 2 ^TOM u ^(om^^o 

<J:t). AEttflll. 0^coa&*i^*^#yto 

(c) wmm(r>m^^'m,:^m^Tyxi> mm 
[0 1 1 8] © wm^omu 

2. 13. 14. 1 STfffiliSbfcT^/^li^U-hffc;^ 

mm^ (a) - (c) (0*fejcJ:^HM^tToyc:^C 

[0 119] 
[^4 51 



-52- 



1 7 



& IK 


^ BE 








No. 






\ A EJ 




Ma 1 — . d 

PIO. X o 


f f « o 








No. 1 - 6 


76. 5 


2. 1 


13. 5 


A » 


No. 1-9 


67. 4 


1. 5 


a. 8 




No. 1 - 1 4 


75. 4 


2. 4 






No.l-3 4 


72. 4 


1, 2 


4. 6 




No.1-36 


72. 0 


1. 9 


6. 2 


A » 


No. 1-4 6 


72. 4 


10. 7 


11.1 


a » 


No.1-4 8 


73. 5 


2. 8 


2. 6 




No.1-5 1 


74. 7 


3- 6 


2. 1 




No.1-52 


7 1. 3 


1. 3 


11-2 





— PM- 7 5 0 c, ±4 3— ^'tfcMia) 

*pR-ioi. :^ir/>^lfc3a) *c-r>'i5^^^n:5' hia^ 
SrfTofco ^*^±•r•^i^^^::/9^y^<0 2fi(^:ov^r. 

BJ^SSS^ODHlc LT 1 5a$aJ::/cC^ J: 5 {t-<^H]i?^tf 

(D 2 feo^ y ^ y ^ i: ggfe-Y 

[0 12 11 W^moWB 

PM5 0lCT2ffl:£U AE«^-r-^V^(DOD^#^^ 

[0 12 21 *»MW^-:^V>-t. ^^V'^W^n<D?^'^ 
SSItl. l<DODiESr#:fe:o m%^<om^s AEf* 
15. 5. T-^y^ODjS#^ft6 9%^:C0^*Sr# 
;fe:a -Is. zryvm'¥%(r^^^mm±X> lOODfi 
«r#fco iS3feW:gfeo^*. AEti36. 4, T-fefv^o 
Da#«^»*4 9%i:03g»«r#ife:o f**?^,, m&m^ 

^ y T ^ y 7 ;n - K 1 21 Jfc -5 fc O fc* t # ;t e> JT. fco 

[0 12 31 



T/VSgSSU. ^1 No. 1-340 
n^y^/paf.u-h^^2. 4Sl:a. iCTk^ftl^. Tki? 
{b-^ h y 5^ i^*:^T* p H 9 (cM tT^l:fe 10 0 

[0 124] ±|Bt^*n<iiMLfc«. ^^^V^^mL 

OD3^:??^lt9 2%^oS#>5:^m^#;fe:p :/7 
y ^ m^%(m^^\t 1 . 1 00D|iSr#fco iH)t^ 
K<OjS:SI, AE«:12, 1. ^-^V-^ODgS^^ll^g 3 

[0 12 5] ilB-^-^^^^E&fS^T^f^t?!?!;!. ±E## 

fflU i^rvfe^fcLXC. I. Direct Blue 199. 

Lr^ 1 3 \Z.^Wl(D 13-3 <^fe^^fflV^yt 

[0 12 6] 



-53- 



(72) F^-'Al^m 2C056 EA13 EE08 FCOl FC02 

nmrn^mi^'mmfMrnmoomm zhosb bass 

HSft^A^lfcrt 4J039 BA04 BA38 BA39 BC29 BC33 

BC39 BC40 BC42 BC44 BC50 

»m\\^m^W^KmMmmO(KiSm BCSI. BC53 BC54 BC5S BC59 

EMit^^W^ BC64 BC65 BC71 BC73 BC75 

BC77 BC79 BEOS EA15 EA16 
EA17EA19GA24 



-54- 



